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DISULFIDE-LINKED
POLYETHYLENEGLYCOL/PEPTIDE
CONJUGATES FOR THE TRANSFECTION OF
NUCLEIC ACIDS

This application is a continuation of U.S. application Ser.
No. 13/378,241, filed May. 11, 2012, which is a national
phase application under 35 U.S.C. §371 of International
Application No. PCT/EP2010/005438, filed Sep. 3, 2010,
which was a continuation-in-part of U.S. application Ser. No.
12/553,559, filed Sept. 3, 2009. The entire text of each of the
above referenced disclosures is specifically incorporated
herein by reference.

The present invention is directed to an inventive polymeric
carrier molecule according to generic formula (I) and varia-
tions thereof, which allows for efficient transfection of
nucleic acids into cells in vivo and in vitro, a polymeric carrier
cargo complex formed by a nucleic acid and the inventive
polymeric carrier molecule, but also to methods of prepara-
tion of this inventive polymeric carrier molecule and of the
inventive polymeric carrier cargo complex. The present
invention also provides methods of application and use of this
inventive polymeric carrier molecule and the inventive poly-
meric carrier cargo complex as a medicament, for the treat-
ment of various diseases, and in the preparation of a pharma-
ceutical composition for the treatment of such diseases.

Various diseases today require a treatment which involves
administration of peptide-, protein-, and nucleic acid-based
drugs, particularly the transfection of nucleic acids into cells
or tissues. The full therapeutic potential of peptide-, protein-,
and nucleic acid-based drugs is frequently compromised by
their limited ability to cross the plasma membrane of mam-
malian cells, resulting in poor cellular access and inadequate
therapeutic efficacy. Today this hurdle represents a major
challenge for the biomedical development and commercial
success of many biopharmaceuticals (see e.g. Foerg and
Merkle, Journal of Pharmaceutical Sciences, published
online at www.interscience.wiley.com, 2008, 97(1): 144-62).

For some diseases or disorders, gene therapeutic
approaches have been developed as a specific form of such
treatments. These treatments in general utilize transfection of
nucleic acids or genes into cells or tissues, whereas gene
therapeutic approaches additionally involve the insertion of
one or more of these nucleic acids or genes into an individu-
al’s cells and tissues to treat a disease, e.g. hereditary dis-
eases, in which a defective mutant allele is replaced with a
functional one.

Transfer or insertion of one or more of these nucleic acids
or genes into an individual’s cells, however, still represents a
major challenge today and is absolutely necessary for ensur-
ing a good therapeutical effect of a nucleic acid based medi-
caments, particularly in the field of gene therapy.

To achieve successful transfer of nucleic acids or genes into
an individual’s cells, a number of different hurdles have to be
passed. The transport of nucleic acids typically occurs via
association of the nucleic acid with the cell membrane and
subsequent uptake by the endosomes. In the endosomes, the
introduced nucleic acids are separated from the cytosol. As
expression occurs in the cytosol, these nucleic acids have to
depart the cytosol. If the nucleic acids do not manage depart-
ing the cytosol, either the endosome fuses with the lysosome
leading to a degradation of its content, or the endosome fuses
with the cell membrane leading to a return of its content into
the extracellular medium. For efficient transfer of nucleic
acids, the endosomal escape thus appears to be one of the
most important steps additional to the efficiency of transfec-
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tion itself. Until now, there are different approaches address-
ing these issues. However, no approach was at least success-
ful in all aspects.

Transfection agents used in the art today typically com-
prise peptides, different polymers, lipids as well as nano- and
microparticles (see e.g. Gao, X., K. S. Kim, etal. (2007), Aaps
J 9(1): E92-104). These transfection agents typically have
been used successfully only in in vitro reactions. When trans-
fecting nucleic acids in vivo into cells of a living animal,
further requirements have to be fulfilled. As an example, the
complex has to be stable in physiological salt solutions with
respect to agglomerisation. Furthermore, it does not interact
with parts of the complement system of the host. Additionally,
the complex shall protect the nucleic acid from early extra-
cellular degradation by ubiquitiously occurring nucleases.
For genetherapeutic applications it is furthermore of utmost
importance, that the carrier is not recognized by the adaptive
immune system (immunogenicity) and does not stimulate an
unspecific cytokine storm (acute immune response) (see Gao,
Kimetal., (2007, supra); Martin, M. E. and K. G. Rice (2007),
Aaps J 9(1): E18-29; and Foerg and Merkle, (2008, supra)).

Foerg and Merkle (2008, supra), discuss therapeutic poten-
tial of peptide-, protein and nucleic acid-based drugs. Accord-
ing to their analysis, the full therapeutic potential of these
drugs is frequently compromised by their limited ability to
cross the plasma membrane of mammalian cells, resulting in
poor cellular access and inadequate therapeutic efficacy.
Today this hurdle represents a major challenge for the bio-
medical development and commercial success of many biop-
harmaceuticals.

In this context, Gao et al. (Gao et al. The AAPS Journal
2007; 9(1) Article 9) see the primary challenge for gene
therapy in the development of a method that delivers a thera-
peutic gene to selected cells where proper gene expression
can be achieved. Gene delivery and particularly successful
transfection of nucleic acids into cells or tissue is, however,
not simple and typically dependent on many factors. For
successful delivery, e.g., delivery of nucleic acids or genes
into cells or tissue, many barriers must be overcome. Accord-
ing to Gao et al. (2007) an ideal gene delivery method needs
to meet 3 major criteria: (1) it should protect the transgene
against degradation by nucleases in intercellular matrices, (2)
it should bring the transgene across the plasma membrane and
(3) it should have no detrimental effects.

These goals may be achieved by using a combination of
different compounds or vectors. Notably, there are some com-
pounds or vectors, which overcome at least some of these
barriers.

Most usually, transfection, e.g. of nucleic acids, is carried
out using viral or non-viral vectors. For successful delivery,
these viral or non-viral vectors must be able to overcome the
above mentioned barriers. The most successtul gene therapy
strategies available today rely on the use of viral vectors, such
as adenoviruses, adeno-associated viruses, retroviruses, and
herpes viruses. Viral vectors are able to mediate gene transfer
with high efficiency and the possibility of long-term gene
expression, and satisfy 2 out of 3 criteria. However, the acute
immune response, immunogenicity, and insertion mutagen-
esis uncovered in gene therapy clinical trials have raised
serious safety concerns about some commonly used viral
vectors.

A solution to this problem may be found in the use of
non-viral vectors. Although non-viral vectors are not as effi-
cient as viral vectors, many non-viral vectors have been
developed to provide a safer alternative in gene therapy.
Methods of nonviral gene delivery have been explored using
physical (carrier-free gene delivery) and chemical
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approaches (synthetic vector-based gene delivery). Physical
approaches usually include needle injection, electroporation,
gene gun, ultrasound, and hydrodynamic delivery, employ a
physical force that permeates the cell membrane and facili-
tates intracellular gene transfer. The chemical approaches
typically use synthetic or naturally occurring compounds
(cationic lipids, cationic polymers, lipid-polymer hybrid sys-
tems) as carriers to deliver the transgene into cells. Although
significant progress has been made in the basic science and
applications of various nonviral gene delivery systems, the
majority of nonviral approaches is still much less efficient
than viral vectors, especially for in vivo gene delivery (see
e.g. Gao et al. The AAPS Journal 2007; 9(1) Article 9).

Over the past decade, attractive prospects for a substantial
improvement in the cellular delivery of nucleic acids have
been announced that were supposed to result from their
physical assembly or chemical ligation to so-called cell pen-
etrating peptides (CPPs) also denoted as protein-transduction
domains (PTDs) (see Foerg and Merkle, (2008, supra)). CPPs
represent short peptide sequences of 10 to about 30 amino
acids which can cross the plasma membrane of mammalian
cells and may thus offer unprecedented opportunities for
cellular drug delivery. Nearly all of these peptides comprise a
series of cationic amino acids in combination with a
sequence, which forms an a-helix at low pH. As the pH is
continuously lowered in vivo by proton pumps, a conforma-
tional change of the peptide is usually initiated rapidly. This
helix motif mediates an insertion into the membrane of the
endosome leading to a release of its content into the cyto-
plasma (see Foerg and Merkle, (2008, supra); and Vives, E., P.
Brodin, et al. (1997). “A truncated HIV-1 Tat protein basic
domain rapidly translocates through the plasma membrane
and accumulates in the cell nucleus.” J Biol Chem 272(25):
16010-7). Despite these advantages, a major obstacle to CPP
mediated drug delivery is thought to consist in the often rapid
metabolic clearance of the peptides when in contact or pass-
ing the enzymatic barriers of epithelia and endothelia. In
conclusion, metabolic stability of CPPs represents an impor-
tant biopharmaceutical factor for their cellular bioavailabil-
ity. However, there are no CPPs available in the art, which are
on the one hand side stable enough to carry their cargo to the
target before they are metabolically cleaved, and which on the
other hand side can be cleared from the tissue before they can
accumulate and reach toxic levels.

One further approach in the art for delivering cargo mol-
ecules into cells, e.g. for gene therapy, comprises peptide
ligands (see Martin and Rice (see Martin and Rice, The AAPS
Journal 2007; 9 (1) Article 3)). Peptide ligands can be short
sequences taken from larger proteins that represent the essen-
tial amino acids needed for receptor recognition, such as EGF
peptide used to target cancer cells. Other peptide ligands have
been identified including the ligands used to target the lectin-
like oxidized LDL receptor (LOX-1). Up-regulation of
LOX-1 in endothelial cells is associated with dysfunctional
states such as hypertension and atherosclerosis. Such peptide
ligands, however, are not suitable for many gene therapeutic
approaches, as they cannot be linked to their cargo molecules
by complexation or adhesion but require covalent bonds, e.g.
crosslinkers, which typically exhibit cytotoxic effects in the
cell.

Synthetic vectors may also be used in the art for delivering
cargo molecules into cells, e.g., for the purpose of gene
therapy. However, one main disadvantage of many synthetic
vectors is their poor transfection efficiency compared to viral
vectors and significant improvements are required to enable
further clinical development. Several barriers that limit
nucleic acid transfer both in vitro and in vivo have been
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identified, and include poor intracellular delivery, toxicity
and instability of vectors in physiological conditions (see. e.g.
Read, M. L., K. H. Bremner, et al. (2003). “Vectors based on
reducible polycations {facilitate intracellular release of
nucleic acids.” J Gene Med 5(3): 232-45).

One specific approach in gene therapy uses cationic lipids.
However, although many cationic lipids show excellent trans-
fection activity in cell culture, most do not perform well in the
presence of serum, and only a few are active in vivo. A
dramatic change in size, surface charge, and lipid composi-
tion occurs when lipoplexes are exposed to the overwhelming
amount of negatively charged and often amphipatic proteins
and polysaccharides that are present in blood, mucus epithe-
lial lining fluid, or tissue matrix. Once administered in vivo,
lipoplexes tend to interact with negatively charged blood
components and form large aggregates that could be absorbed
onto the surface of circulating red blood cells, trapped in a
thick mucus layer or embolized in microvasculatures, pre-
venting them from reaching the intended target cells in the
distal location. Furthermore, toxicity related to gene transfer
by lipoplexes has been observed. Symptomes include inter
alia induction of inflammatory cyokines. In humans, various
degrees of adverse inflammatory reactions, including flu-like
symptoms were noted among subjects who received
lipoplexes. Accordingly, it appears questionable, as to
whether lipoplexes can be safely used in humans at all.

One further, more promising approach in gene therapy
utilizes cationic polymers. Cationic polymers turned out to be
efficient in transfection of nucleic acids, as they can tightly
complex and condense a negatively charged nucleic acid.
Thus, a number of cationic polymers have been explored as
carriers for in vitro and in vivo gene delivery. These include
polyethylenimine (PEI), polyamidoannine and polypropy-
lamine dendrimers, polyallylamine, cationic dextran, chito-
san, cationic proteins and cationic peptides. Although most
cationic polymers share the function of condensing DNA into
small particles and facilitating cellular uptake via endocytosis
through charge-charge interaction with anionic sites on cell
surfaces, their transfection activity and toxicity differ dra-
matically. Interestingly, cationic polymers exhibit better
transfection efficiency with rising molecular weight due to
stronger complexation of the negatively charged nucleic acid
cargo. However, a rising molecular weight also leads to a
rising toxicity of the cationic polymer. PEI is perhaps the
most active and most studied polymer for gene delivery, but
its main drawback as a transfection reagent relates to its
non-biodegradable nature and toxicity. Furthermore, even
though polyplexes formed by high molecular weight poly-
mers exhibit improved stability under physiological condi-
tions, data have indicated that such polymers can hinder vec-
tor unpacking. For example, poly (L-lysine) (PLL) of 19 and
36 residues was shown to dissociate from DNA more rapidly
than PLL of 180 residues resulting in significantly enhanced
short-term gene expression. A minimum length of six to eight
cationic amino acids is required to compact DNA into struc-
tures active in receptor-mediated gene delivery. However,
polyplexes formed with short polycations are unstable under
physiological conditions and typically aggregate rapidly in
physiological salt solutions. To overcome this negative
impact, Read et al. (see Read, M. L., K. H. Bremner, et al.
(2003). “Vectors based on reducible polycations facilitate
intracellular release of nucleic acids.” 1 Gene Med 5(3): 232-
45; and Read, M. L., S. Singh, et al. (2005). “A versatile
reducible polycation-based system for efficient delivery of a
broad range of nucleic acids.” Nucleic Acids Res 33(9): e86)
developed a new type of synthetic vector based on a linear
reducible polycation (RPC) prepared by oxidative polycon-
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densation of the peptide Cys-Lys,,-Cys that can be cleaved
by the intracellular environment to facilitate release of
nucleic acids. They could show that polyplexes formed by
RPC are destabilised by reducing conditions enabling effi-
cient release of DNA and mRNA. Cleavage of the RPC also
reduced toxicity of the polycation to levels comparable with
low molecular weight peptides. The disadvantage of this
approach of Read et al. (2003, supra) was that the endoso-
molytic agent chloroquine or the cationic lipid DOTAP was
additionally necessary to enhance transfection efficiency to
adequate levels. As a consequence Read et al. (2005, supra)
included histidine residues in the RPCs which have a known
endosomal buffering capacity. They could show that histi-
dine-rich RPCs can be cleaved by the intracellular reducing
environment enabling efficient cytoplasmic delivery of a
broad range of nucleic acids, including plasmid DNA, mRNA
and siRNA molecules without the requirement for the endo-
somolytic agent chloroquine.

Unfortunately; Read et at (2005, supra) did not assess
whether histidine-rich RPCs can be directly used for in vivo
applications. In their study, transfections were performed in
the absence of serum to avoid masking the ability of histidine
residues to enhance gene transfer that may have arisen from
binding of serum proteins to polyplexes restricting cellular
uptake. Preliminary experiments indicate that the transfec-
tion properties of histidine-rich RPC polyplexes can be
affected by the presence of serum proteins with a 50%
decrease in GFP-positive cells observed in 10% FCS (fetal
calf serum). For in vivo application they propose modifica-
tions with the hydrophilic polymer poly-[N-(2hydroxy-pro-
pyDmethacrylamide]|. Unfortunately, Read et al. (2005,
supra) did not prevent aggregation of polyplexes and binding
of polycationic proteins to serum proteins. Furthermore, due
to the large excess of polymer, which is characterized by the
high N/P ratio, strong cationic complexes are formed when
complexing the nucleic acid, which are only of limited use in
vivo due to their strong tendency of salt induced agglomera-
tion and interactions with serum contents (opsonization).
Additionally, these complexes may excite an acute immune
response, when used for purposes of gene therapy. Read et al.
(2003, supra) did also not provide in vivo data for the RPC
based complexes shown in the publication. It has also turned
out that these strong cationic RPC based complexes are com-
pletely inactive subsequent to local administration into the
dermis. Furthermore Read et al. (2005, supra) used stringent
oxidation conditions (30% DMSO) to induce the generation
of high molecular polymers with as long as possible chain
lengths (“step-growth polymerization™) to ensure complete
complexation of the nucleic acid cargo.

In an approach similar to Read et al., McKenzie et at.
(McKenzie, D. L., K. Y. Kwok, et al. (2000), J Biol Chem.
275(14 ): 9970-7., McKenzie, D. L, E. Smiley, et (2000),
Bioconjug Chem 11(6): 901-9, and U.S. Pat, No. 6,770,740
B1) developed self-crosslinking peptides as gene delivery
agents by inserting multiple cysteines into short synthetic
peptides for the purpose of decreasing toxicity as observed
with high-molecular polycations. For complexation of DNA
they mixed the self-crosslinking peptides with DNA to induce
interpeptide disulfide bonds concurrently to complexation of
the DNA cargo. For in vivo gene delivery approaches they
propose the derivatization of the self-crosslinking peptides
with a stealthing (e.g. polyethylene glycol) or targeting agent
operatively attached to the peptide at a site distal from each
terminus. In a further approach the same authors developed
for the purpose of masking DNA peptide condensates and
thereby reducing interaction with blood components, the
derivatization of the non crosslinking cationic peptide
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6
CWK, ¢ with polyethylene glycol by reducible or non-reduc-
ible linkages (Kwok, K. Y., D. .. McKenzie, et al. (1999).
“Formulation of highly soluble poly(ethylene glycol)-peptide
DNA condensates.” Pharm Sci 88(1.0): 996-1003).

Summarizing the above, the present prior art as exempli-
fied above suffers from various disadvantages. One particular
disadvantage of the self-crosslinking peptides as described by
Read el al. (2003, supra) or McKenzie et al. (2000 I and 11,
supra and U.S. Pat. No. 6,770,740 B1) concerns the high
positive charge on the surface of the particles formed. Due to
the high positive charge the particles exhibit a high instability
towards agglomeration when subjecting these particles in
vivo to raised salt concentrations. Such salt concentrations,
however, typically occur in vivo in cells or extracellular
media. Furthermore, high positively charged complexes show
a strong tendency of opsonization. This leads to an enhanced
uptake by macrophages and furthermore to a fast inactivation
of'the complex due to degradation. Particularly the uptake of
these complexes by cells of the immune system in general
leads to a downstream stimulation of different cytokines. This
unspecific activation of the innate immune system, however,
represents a severe disadvantage of these systems and should
be avoided, particularly for the purpose of several aspects of
gene therapy, where an acute immune response (cytokine
storm) is strictly to be avoided, Additionally, in biological
systems positively charged complexes can easily be bound or
immobilized by negatively charged components of the extra-
cellular matrix or the serum. Also, the nucleic acids in the
complex may be released too early, leading to reduced effi-
ciency of the transfer and half life of the complexes in vivo.
Furthermore, a reversible derivatization of carriers with a
stealthing agent being advantageous for in vivo gene delivery,
such as polyethylene glycol (PEG), was only possible for
peptide monomers but not for self-crosslinking peptides or
rather for a polymeric carrier with a defined polymer chain
length. In particular, such a reversible derivatization was not
possible at the terminal ends of the crosslinked cationic pep-
tide carrier. Additionally, in the prior art only high-molecular
polymers with long polymer chains or with an undefined
polymer chain length consisting of self-crosslinking peptides
were described, which unfortunately compact their cargo to
such an extent that cargo release in the cell is limited. The
extremely undefined polymer chain length is further prob-
lematic regarding approvement of a medicament based on
RPC. One precondition for an approvement of a medicament
is that every preparation of the medicament has always the
same composition, the same structure and the same proper-
ties. This cannot be ensured for complexes based on RPC’s
from the prior art. Furthermore the RPC-based polymers or
complexes provided in the prior art are difficult to character-
ize due to their undefined structure or polymer chain length.
But characterization of the resulting complex or of the poly-
meric carrier is absolutely necessary for the approvement of a
medicament.

In consequence, no feasible method or carrier has been
presented until today, which allows both compacting and
stabilizing a nucleic acid for the purposes of gene therapy and
other therapeutic applications, which show a good transfec-
tion activity in combination with a good release of the nucleic
acid cargo, particularly in vivo and low or even no toxicity,
e.g. due to the combination of a reversible stealthing and a
reversible complexation of the nucleic acid by self-crosslink-
ing polymers. Accordingly, there is still an intensive need in
the art to provide carriers for the purpose of gene transfer,
which are on the one hand side stable enough to carry their
cargo to the target before they are metabolically cleaved, and



US 9,314,535 B2

7

which on the other hand side can be cleared from the tissue
before they can accumulate and reach toxic levels.

The object underlying the present invention is therefore to
provide a carrier or a complexing agent, particularly for the
transfection of nucleic acids for the purposes of gene therapy
or other therapeutic applications, which is capable to compact
nucleic acids, preferably coding DNA or coding RNA, such
as mRNA, and which allows efficient transfection of the
nucleic acid into different cell lines in vitro but also transfec-
tion in vivo. As uptake by cells occurs via the endosomal
route, such a carrier or a complexing agent shall also allow or
provide for efficient release of the nucleic acid. Additionally,
it is preferred, that the inventive polymeric carrier cargo com-
plex formed by the nucleic acid cargo and such carrier or a
complexing agent shows improved resistance to agglomera-
tion. It should preferably also confer enhanced stability to the
nucleic acid cargo with respect to serum containing media.
Most importantly, in vivo activity shall be obtained, thereby
suppressing at least in part an acute immune reaction. Fur-
thermore a reproducible production and a characterization of
the carrier should be assured.

This object is solved by the subject matter of the present
invention, preferably by the subject matter of the attached
claims. Particularly, according to the first embodiment of the
present invention the above object is solved by a polymeric
carrier molecule according to generic formula (I):

L-p'—S—[S—P>S],—S—P*L

wherein,
P! and P? are different or identical to each other and represent
a linear or branched hydrophilic polymer chain, each P*
and P? exhibiting at least one —SH-moiety, capable to
form a disulfide linkage upon condensation with compo-
nent P2, or alternatively with (AA)_, or [(AA),], if such
components are used as a linker between P! and P? or P?
and P?) and/or with further components (e.g. (AA),
[(AA),], or L), the linear or branched hydrophilic polymer
chain selected independent from each other from polyeth-
ylene glycol (PEG), poly-N-(2-hydroxypropyl)methacry-
lamide, poly-2-(methacryloyloxy)ethyl phosphorylcho-
lines, poly(hydroxyalkyl L-asparagine), poly(2-
(methacryloyloxy )ethyl phosphorylcholine),
hydroxyethylstarch or poly(hydroxyalkyl L-glutamine),
wherein the hydrophilic polymer chain exhibits a molecu-
lar weight of about 1 kDa to about 100 kDa, preferably of
about 2 kDa to about 25 kDa; or more preferably of about
2kDato about 10 kDa, e.g. about 5 kDato about 25 kDa or
5 kDa to about 10 kDa;
P? is a cationic or polycationic peptide or protein, and pref-
erably having a length of about 3 to about 100 amino acids,
more preferably having a length of about 3 to about 50
amino acids, even more preferably having a length of about
3 to about 25 amino acids, e.g. a length of about 3 to 10, 5
to 15, 10 to 20 or 15 to 25 amino acids, more preferably a
length of about 5 to about 20 and even more preferably a
length of about 10 to about 20;
is a cationic or polycationic polymer, typically having a
molecular weight of about 0.5 kDa to about 30 kDa,
including a molecular weight of about 1 kDa to about 20
kDa, even more preferably of about 1.5 kDa to about 10
kDa, or having a molecular weight of about 0.5 kDa to
about 100 kDa, including a molecular weight of about 10
kDa to about 50 kDa, even more preferably of about 10
kDa to about 30 kDa;

each P? exhibiting at least two —SH-moieties, capable to
form a disulfide linkage upon condensation with further
components P2 or component(s) P* and/or P* or alterna-
tively with further components (e.g. (AA),, or [(AA),].)
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—S—S— is a (reversible) disulfide bond (the brackets are
omitted for better readability), wherein S preferably rep-
resents sulphur or a —SH carrying moiety, which has
formed a (reversible) disulfide bond. The (reversible) dis-
ulfide bond is preferably formed by condensation of —SH-
moieties of either components P! and P?, P? and P?, or P>
and P?, or optionally of further components as defined
herein (e.g. L, (AA),, [(AA),]., etc.); The —SH-moiety
may be part of the structure of these components or added
by a modification as defined below;

L is an optional ligand, which may be present or not, and may
be selected independent from the other from RGD, Trans-
ferrin, Folate, a signal peptide or signal sequence, a local-
ization signal or sequence, a nuclear localization signal or
sequence (NLS), an antibody, a cell penetrating peptide,
(e.g. TAT or KALA), a ligand of a receptor (e.g. cytokines,
hormones, growth factors etc.), small molecules (e.g. car-
bohydrates like mannose or galctose or synthetic ligands),
small molecule agonists, inhibitors or antagonists of recep-
tors (e.g. RGD peptidomimetic analogues) etc.;

nisaninteger, typically selected from a range of about 1 to 50,
preferably from a range of about 1, 2 or 3 to 30, more
preferably from a range of about 1, 2, 3, 4, or 5to 25, or a
range of about 1, 2, 3, 4, or 5 to 20, or a range of about 1, 2,
3,4, 0or5to 15, or a range of about 1, 2, 3, 4, or 5 to 10,
including e.g. a range of about 4 to 9, 4 to 10, 3 to 20, 4 to
20, 5t0 20, or 10to 20, or a range of about 3 to 15, 4 to 15,
5to 15, or 10to 15, or a range of about 6 to 11 or 7 to 10.
Most preferably, nisinarangeofabout1,2,3,4,or51t0 10,
more preferably in a range of about 1,2, 3,0r4t09,ina
range of about 1, 2, 3, or 4 to 8, or in a range of about 1, 2,
or3to7.

The inventive polymeric carrier molecule according to
generic formula (I) is prepared by a new synthesis strategy
and advantageously allows to define the length of the polymer
chain and to combine desired properties of different (short)
polymers in one polymer, e.g. to efficiently compact nucleic
acids for the purpose of efficient transfection of nucleic acids
for the purposes of gene therapy or other therapeutic appli-
cations without loss of activity, particularly efficient transfec-
tion of a nucleic acid into different cell lines in vitro but also
transfection in vivo. The inventive polymeric carrier mol-
ecule is furthermore not toxic to cells and provides for effi-
cient release of its nucleic acid cargo. Finally, it shows
improved resistance to agglomeration due to the reversible
addition of hydrophilic polymer chains (e.g. PEG-mono-
mers) particularly to the terminal ends of the inventive poly-
meric carrier molecule according to generic formula (1),
which additionally confers enhanced stability of the nucleic
acid cargo with respect to serum containing media and pre-
vents recognition of the polymeric carrier cargo complex by
the immune system.

Even more advantageously, the inventive polymeric carrier
molecule according to generic formula (I) allows to consid-
erably vary its peptide or polymeric content and thus to modu-
late its biophysical/biochemical properties, particularly the
cationic properties of component [S—P>—S] . quite easily
and fast, e.g. by incorporating as components P* the same or
different cationic peptide(s), protein(s) or polymer(s) and
optionally adding other components, e.g. amino acid compo-
nent(s) (AA),, into the repetitive component [S—P>—S] to
form a modified repetitive component such as {[S—P*—
S1,/[S-(AA),-S],} as a core motif of the inventive polymeric
carrier (wherein a+b=n, see below). Even though consisting
of quite small non-toxic monomer units the inventive poly-
meric carrier molecule forms a cationic binding sequence
with a defined chain length providing a strong condensation
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of the nucleic acid cargo and complex stability. Under the
reducing conditions of the cytosole (e.g. cytosolic GSH), the
complex is rapidly degraded into its monomers, which are
further degraded (e.g. oligopeptides) or secreted (e.g. PEG).
This supports deliberation of the nucleic acid cargo in the
cytosol. Due to degradation into small oligopeptides in the
cytosole, no toxicity is observed as known for high-molecular
oligopeptides, e.g. from high-molecular oligoarginine. The
PEG-“coating” also allows to somehow “coat” the polymeric
carrier with a hydrophilic coating at its terminal ends, which
prevents salt-mediated agglomeration and undesired interac-
tions with serum contents. In the cytosole, this “coating” is
easily removed under the reducing conditions of the cell.
Also, this effect promotes deliberation of the nucleic acid
cargo in the cytosol.

As defined above, ligands (L), may be optionally used in
the inventive polymeric carrier molecule according to generic
formula (I), e.g. for direction of the inventive carrier polymer
and its complexed nucleic acid into specific cells. They may
be selected independent from the other from RGD, Transfer-
rin, Folate, a signal peptide or signal sequence, a localization
signal or sequence, a nuclear localization signal or sequence
(NLS), an antibody, a cell penetrating peptide, (e.g. TAT), a
ligand of a receptor (e.g. cytokines, hormones, growth factors
etc.), small molecules (e.g. carbohydrates like mannose or
galctose or synthetic ligands), small molecule agonists,
inhibitors or antagonists of receptors (e.g. RGD peptidomi-
metic analogues) etc. Particularly preferred in this context is
mannose as ligand to target antigen presenting cells which
carries on their cell membrane mannose receptors. In a further
preferred aspect of the first embodiment of the present inven-
tion galactose as optional ligand can be used to target hepa-
tocytes. Such ligands may be attached to component P* and/or
P? by reversible disulfide bonds as defined below or by any
other possible chemical attachment, e.g. by amide formation
(e.g. carboxylic acids, sulphonic acids, amines, etc.), by
Michael addition (e.g maleinimide moieties, o, unsatured
carbonyls, etc.), by click chemistry (e.g. azides or alkines), by
alkene/alkine methatesis (e.g. alkenes or alkines), imine or
hydrozone formation (aldehydes or ketons, hydrazins,
hydroxylamins, amines), complexation reactions (avidin,
biotin, protein G) or components which allow S_-type substi-
tution reactions (e.g halogenalkans, thiols, alcohols, amines,
hydrazines, hydrazides, sulphonic acid esters, oxyphospho-
nium salts) or other chemical moieties which can be utilized
in the attachment of further components.

In the context of formula (I) of the present invention com-
ponents P! and P represent a linear or branched hydrophilic
polymer chain, containing at least one —SH-moiety, each P*
and P? independently selected from each other, e.g. from
polyethylene glycol (PEG), poly-N-(2-hydroxypropyl)meth-
acrylamide, poly-2-(methacryloyloxy)ethyl phosphorylcho-
lines, poly(hydroxyalkyl L.-asparagine) or poly(hydroxyalkyl
L-glutamine). P* and P> may be identical or different to each
other. Preferably, each of hydrophilic polymers P' and P>
exhibits a molecular weight of about 1 kDa to about 100 kDa,
preferably ofabout 1 kDato about 75 kDa, more preferably of
about 5 kDa to about 50 kDa, even more preferably of about
5 kDa to about 25 kDa. Additionally, each of hydrophilic
polymers P* and P typically exhibits at least one —SH-
moiety, wherein the at least one —SH-moiety is capable to
form a disulfide linkage upon condensation with component
P2 or with component (AA), if used as linker between P and
P2 or P? and P? as defined below and optionally with a further
component, e.g. L. and/or (AA),, e.g. if two or more —SH-
moieties are contained. The following subformulas “P*—S—
S—P?” and “P>—S—S—P>” of generic formula (I) above
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(the brackets are omitted for better readability), wherein any
of S, P and P? are as defined herein, typically represent a
situation, wherein one —SH-moiety of hydrophilic polymers
P! and P* was condensed with one —SH-moiety of compo-
nent P? of generic formula (I) above, wherein both sulphurs of
these —SH-moieties form a disulfide bond —S—S— as
defined herein in formula (I). These —SH-moieties are typi-
cally provided by each of the hydrophilic polymers P* and P*,
e.g. via an internal cysteine or any further (modified) amino
acid or compound which carries a—SH moiety. Accordingly,
the subformulas “P'—S—S—P>” and “P>—S—S—P>” may
also be written as “P-Cys-Cys-P?” and “P>-Cys-Cys-P>”, if
the —SH-moiety is provided by a cysteine, wherein the term
Cys-Cys represents two cysteines coupled via a disulfide
bond, not via a peptide bond. In this case, the term “—S—
S— in these formulae may also be written as “—S-Cys”, as
“-Cys-S” or as “-Cys-Cys-". In this context, the term “-Cys-
Cys-" does not represent a peptide bond but a linkage of two
cysteines via their SH-moieties to form a disulfide bond.
Accordingly, the term “-Cys-Cys-" also may be understood
generally as “~(Cys-S)—(S8-Cys)-", wherein in this specific
case S indicates the sulfur of the —SH-moiety of cysteine.
Likewise, the terms “—S-Cys” and “-Cys-S” indicate a dis-
ulfide bond between a —SH containing moiety and a cys-
teine, which may also be written as “—S—(S-Cys)” and
“(Cys-S)—S”. Alternatively, the hydrophilic polymers P*
and P* may be modified with a —SH moiety, preferably via a
chemical reaction with a compound carrying a —SH moiety,
such that each of the hydrophilic polymers P and P carries at
least one such —SH moiety. Such a compound carrying a
—SH moiety may be e.g. an (additional) cysteine or any
further (modified) amino acid, which carries a —SH moiety.
Such a compound may also be any non-amino compound or
moiety, which contains or allows to introduce a—SH moiety
into hydrophilic polymers P! and P* as defined herein. Such
non-amino compounds may be attached to the hydrophilic
polymers P! and P? of formula (1) according to the present
invention via chemical reactions or binding of compounds,
e.g. by binding of a 3-thio propionic acid or thioimolane, by
amide formation (e.g. carboxylic acids, sulphonic acids,
amines, etc.), by Michael addition (e.g maleinimide moieties,
a,p unsatured carbonyls, etc.), by click chemistry (e.g. azides
or alkines), by alkene/alkine methatesis (e.g. alkenes or alk-
ines), imine or hydrozone formation (aldehydes or ketons,
hydrazins, hydroxylamins, amines), complexation reactions
(avidin, biotin, protein G) or components which allow S,—
type substitution reactions (e.g halogenalkans, thiols, alco-
hols, amines, hydrazines, hydrazides, sulphonic acid esters,
oxyphosphonium salts) or other chemical moieties which can
be utilized in the attachment of further components. A par-
ticularly preferred PEG derivate in this context is alpha-
Methoxy-omega-mercapto poly(ethylene glycol). In each
case, the SH-moiety, e.g. of a cysteine or of any further
(modified) amino acid or compound, may be present at the
terminal ends or internally at any position of hydrophilic
polymers P and P°. As defined herein, each of hydrophilic
polymers P and P typically exhibits at least one —SH-
moiety preferably at one terminal end, but may also contain
two or even more —SH-moieties, which may be used to
additionally attach further components as defined herein, e.g.
a ligand, an amino acid component (AA),, antibodies, cell
penetrating peptides (e.g. TAT), etc.

According to a further preferred aspect of the first embodi-
ment of the present invention, each of hydrophilic polymers
P! and P® may also contain at least one further functional
moiety, which allows attaching further components as
defined herein, e.g. aligand, an amino acid component (AA),,
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etc. Such functional moieties may be selected from function-
alities which allow the attachment of further components, e.g.
functionalities as defined herein, e.g. by amide formation
(e.g. carboxylic acids, sulphonic acids, amines, etc.), by
Michael addition (e.g maleinimide moieties, o, unsatured
carbonyls, etc.), by click chemistry (e.g. azides or alkines), by
alkene/alkine methatesis (e.g. alkenes or alkines), imine or
hydrozone formation (aldehydes or ketons, hydrazins,
hydroxylamins, amines), complexation reactions (avidin,
biotin, protein G) or components which allow S -type substi-
tution reactions (e.g halogenalkans, thiols, alcohols, amines,
hydrazines, hydrazides, sulphonic acid esters, oxyphospho-
nium salts) or other chemical moieties which can be utilized
in the attachment of further components.

Component P? in the context of formula (1) of the present
invention preferably represents a cationic or polycationic
peptide or protein or alternatively a cationic or polycationic
polymer. Each component P* typically exhibits at least two
—SH-moieties, capable to form a disulfide linkage upon
condensation with further components P, component(s) P*
and/or P or alternatively with further components, e.g. amino
acid components (AA)_. Component P> typically occurs
within the repetitive component [—S—P>—S—]  of formula
(D of the present invention. The term “cationic or polyca-
tionic” typically refers to a charged molecule, which is posi-
tively charged (cation) at a pH value of about 1 to 9, prefer-
ably 4109, 5 to 8 or even 6 to 8, more preferably of a pH value
of'or below 9, of or below 8, of or below 7, most preferably at
physiological pH values, e.g. about 7.3 to 7.4. Accordingly, a
cationic or polycationic peptide or protein as component P~ or
alternatively a cationic or polycationic polymer as component
P? according to the present invention is positively charged
under physiological conditions, particularly under physi-
ological salt conditions of the cell in vivo.

In the specific case that component P? of formula (I) of the
present invention is a cationic or polycationic peptide or
protein the cationic properties of component [S—P>—S],, or
{[S—P>—8] /[S-(AA),-S], (as defined below) may be deter-
mined upon its content of cationic amino acids in the entire
component [S—P>—S] or ([S—P>—S]/[S-(AA)-S],}.
Preferably, the content of cationic amino acids in component
[S—P>—S],or {[S—P>—S] /[S-(AA),-S],} is at least 10%,
20%, or 30%, preferably at least 40%, more preferably at least
50%, 60% or 70%, but also preferably at least 80%, 90%, or
even 95%, 96%, 97%, 98%, 99% or 100%, most preferably at
least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%,
97%., 98%, 99% or 100%, or may be in the range of about 10%
to 90%, more preferably in the range of about 15% to 75%,
even more preferably in the range of about 20% to 50%, e.g.
20, 30, 40 or 50%, or in a range formed by any two of the afore
mentioned values, provided, that the content of all amino
acids, e.g. cationic, lipophilic, hydrophilic, aromatic and fur-
ther amino acids, in the entire component [S—P>—S], or
{[S—P>—S] /[S-(AA),-S],} is 100%.

In the specific case that component P? of formula (I) of the
present invention is a cationic or polycationic polymer the
cationic properties of component [S—P*—S], or {[S—P*—
S1./[S-(AA),-S],} may be determined upon its content of
cationic charges in the entire component [S—P>*—S],, or
{[S—P>—8]/[S-(AA),-S],} when compared to the overall
charges of component [S—P>—S] or {[S—P>—S]/[S-
(AA),-S],}. Preferably, the content of cationic charges in
component [S—P>—S], or {[S—P>—S]_/[S-(AA),-S],} ata
(physiological) pH as defined herein is at least 10%, 20%, or
30%, preferably at least 40%, more preferably at least 50%,
60% or 70%, but also preferably at least 80%, 90%, or even
95%, 96%, 97%, 98%, 99% or 100%, most preferably at least
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30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%,
98%, 99% or 100%, or may be in the range of about 10% to
90%, more preferably in the range of about 15% to 75%, even
preferably in the range of about 20% to 50%, e.g. 20, 30, 40
or 50%, or in a range formed by any two of the afore men-
tioned values, provided, that the content of all charges, e.g.
positive and negative charges at a (physiological) pH as
defined herein, in the entire component [ S—P>—S], or {[S—
P>2—S],/[S-(AA) -S],} is 100%.

In the specific context of the inventive polymeric carrier
cargo complex formed by the nucleic acid cargo and a poly-
meric carrier molecule according to generic formula (I)
L-P!—S-[S—P>—S],—S—P>L as defined herein (or
according to any of its subformulas herein) it is particularly
preferred that at least 10% of all charges in the whole repeti-
tive component [S—P>—S] or {[S—P>—S]/[S-(AA) -
S],} are cationic to allow complexation of the negatively
charged nucleic acid cargo.

The cationic or polycationic peptide or protein as compo-
nent P?, or the cationic or polycationic polymer as component
P2, is preferably a linear molecule, however, branched cat-
ionic or polycationic peptides or proteins as component P* or
branched cationic or polycationic polymers as component P?
may also be used.

Typically, component P2, e.g. the cationic or polycationic
peptide or protein or the cationic or polycationic polymer as
defined herein, is linked to its neighboring components, e.g.
components P' and P?, and/or as a part of repetitive compo-
nent [S—P>—S], to further components P2, via disulfide
bonds (—S—S—) or to (AA),, components as part of {[S—
P>—S],/[S-(AA),-S],}. In this context, the sulfurs adjacent
to component P in the repetitive component [S—P*—S],
and as defined in generic formula () L-P*—S—[S—P>*—S]
—S—P3.L, necessary for providing a disulfide bond, may be
provided by component P? itself by a—SH moiety as defined
herein or may be provided by modifying component P?
accordingly to exhibit a —SH moiety within the above defi-
nition of repetitive component [S—P*>—S],,. The —SH moi-
eties for component P> are preferably as defined herein for
components P! and P?. If such —SH-moieties, necessary to
form a disulfide bond (—S—S—) within the above meaning,
are provided by component P? itself this may occur e.g. by at
least two cysteines or any further (modified) amino acids or
chemical compounds, which carry a —SH moiety, already
occurring within the amino acid sequence of component P? at
whatever position of the amino acid sequence of component
P2. Alternatively, component P> may be modified accordingly
with a chemical compound, e.g. a cysteine or any further
(modified) amino acid or chemical compound, which carries
a (free) —SH moiety. Thereby, component P? preferably car-
ries at least two —SH-moieties, which sulphurs atoms are
capable to form a disulfide bond upon condensation with a
—SH-moiety of components P! or P? as defined herein, or
between a first component P? and a further component P, etc.
Such —SH-moieties are preferably as defined herein. Prefer-
ably the at least two SH-moieties are located at the terminal
ends or near to the terminal ends of component P>,

According to one specific aspect of the first embodiment of
the present invention, component P? within repetitive com-
ponent [S—P>—S],, of generic formula (I) above may com-
prise a cysteine as a —SH moiety. In this context, repetitive
component [S—P>—S], may thus be written as follows:

[Cys-P>-Cys],

wherein n and P? are as defined herein and each Cys pro-
vides for the —SH-moiety for the disulfide bond. Cys is the
amino acid cysteine in its three letter code. (For illustrative
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purposes, in the present description the disulfide bond
—S—S— generally may also be written as -(Cys-S)}—(S-
Cys)-, wherein Cys-S represents a Cysteine with an naturally
occurring —SH moiety, wherein this —SH moiety forms a
disulfide bond with a —SH moiety of a second cysteine.
Accordingly, repetitive component [Cys-P>-Cys] may also be
written as [(S-Cys)-P?>-(Cys-S)],, which indicates that the
—SH-moiety is provided by a cysteine and the Cysteine itself
provides for the sulfur of the disulfide bond.)

In the context of the entire formula (I) above, this specific
aspect of the first embodiment thus may be defined as follows:

L-P!'—S-[Cys-P2-Cys],-S—P3-L

wherein L, P!, P?, P? and n are as defined herein, S is
sulphur and each Cys provides for one —SH-moiety for the
disulfide bond.

In each case, the SH-moiety, e.g. of a cysteine or any
further (modified) amino acid or further compound used for
modification of component P?, may be present in the cationic
or polycationic peptide or protein or cationic or polycationic
polymer as component P, internally or at one or both of its
terminal ends, e.g. if a cationic or polycationic peptide or
protein is used as component P at the N-terminal end or at the
C-terminal end, at both these terminal ends, and/or internally
at any position of the cationic or polycationic peptide or
protein as component P?. Preferably, the —SH moiety may be
present in component P? at least at one terminal end, more
preferably at both terminal ends, e.g. at the N-terminal end
and/or at the C-terminal end, more preferably at both the
N-terminal and the C-terminal end of a cationic or polyca-
tionic peptide or protein as component P>,

Due to its repetitive character component [S—P>—S] may
represent a situation, wherein one of the at least two —SH-
moieties of component P? was condensed with a —SH-moi-
ety of a further component P of generic formula (I) above,
wherein both sulphurs of these —SH-moieties form a disul-
fide bond (—S—S—) between a first component P? and at
least one further component P2,

In this context, the number of repetitions of component P*
in formula (I) according to the present invention is defined by
integer n. n is an integer, typically selected from a range of
about 1 to 50, preferably from a range of about 1, 2 or 3 to 30,
more preferably from a range of about 1, 2, 3, 4, or 5 to 25, or
arange of about 1, 2, 3, 4, or 5 to 20, or a range of about 1, 2,
3,4, 0r 5to 15, or a range of about 1, 2, 3, 4, or 5 to 10,
including e.g. a range of about 3 to 20, 4 to 20, 5 to 20, or 10
to 20, or arange of about 3 to 15,4 to0 15,5 to 15, or 10to 15,
or a range of about 6 to 11 or 7 to 10. If, for example, in
repetitive component [S—P>—S]  integer n is 5, repetitive
component [S—P>—S], preferably reads as follows:

[S—P?2—S S P> S S P2 S S P> S
S—P2_§]

In the above example component P occurs 5 times (pref-
erably in a linear order), wherein each component P2 is linked
to its neighbor component by a disulfide bond within the
above definition of repetitive component [S—P>—S], . Any
of components P> may be the same or different from each
other.

According to one particular aspect of this embodiment,
component P represents a cationic or polycationic peptide or
protein having a length of about 3 to about 100 amino acids,
more preferably having a length of about 3 to about 50 amino
acids, even more preferably having a length of about 3 to
about 25 amino acids, e.g. having a length of about 3 to 10, 5
to 15, 10 to 20 or 15 to 25 amino acids, more preferably a
length of about 5 to about 20 and even more preferably a
length of about 10 to about 20.
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The cationic or polycationic peptide or protein as compo-
nent P? may be any protein or peptide suitable for this purpose
and exhibiting at least two —SH-moieties, particular any
cationic or polycationic peptide or protein capable to com-
plex a nucleic acid as defined according to the present inven-
tion, and thereby preferably condensing the nucleic acid.

Particularly preferred, cationic or polycationic peptides or
proteins as component P? exhibiting at least two —SH-moi-
eties may be selected from protamine, nucleoline, spermine
or spermidine, poly-L-lysine (PLL), basic polypeptides,
poly-arginine, cell penetrating peptides (CPPs), chimeric
CPPs, such as Transportan, or MPG peptides, HIV-binding
peptides, Tat, HIV-1 Tat (HIV), Tat-derived peptides, oli-
goarginines, members of the penetratin family, e.g. Penetra-
tin, Antennapedia-derived peptides (particularly from Droso-
phila antennapedia), pAntp, plsl, etc., antimicrobial-derived
CPPs e.g. Buforin-2, Bac715-24, SynB, SynB(1), pVEC,
hCT-derived peptides, SAP, MAP, KALA, PpTG20, Proline-
rich peptides, Loligomere, Arginine-rich peptides, Calcito-
nin-peptides, FGF, Lactoferrin, histones, VP22 derived or
analog peptides, HSV, VP22 (Herpes simplex), MAP, KALA
or protein transduction domains (PTDs, PpT620, prolin-rich
peptides, lysine-rich peptides, Pep-1, L-oligomers, Calcito-
nin peptide(s), etc.

According to one particular preferred aspect of the first
embodiment of the present invention, cationic or polycationic
peptides or proteins as component P2 are selected from fol-
lowing cationic peptides having the following total sum for-
mula (II), preferably under the provison that they exhibit
additionally at least two —SH-moieties:

{(Arg);(Lys),,;(His),;(Om) ;(Xaa), };

wherein l+m+n+0+x=8-15, and 1, m, n or o independently
of each other may be any number selected from 0, 1, 2, 3, 4,
5,6,7,8,9,10,11,12, 13, 14 or 15, provided that the overall
content of Arg, Lys, His and Orn represents at least 10% of all
amino acids of the oligopeptide; and Xaa may be any amino
acid selected from native (=naturally occurring) or non-native
amino acids except of Arg, Lys, His or Orn; and x may be any
number selected from 0, 1, 2,3,4,5,6,7,8,9,10,11, 12, 13
or 14, provided, that the overall content of Xaa does not
exceed 90% of all amino acids of the oligopeptide. Any of
amino acids Arg, Lys, His, Orn and Xaa may be positioned at
any place of the peptide. Particularly preferred peptides of
this formula are oligoarginines such as e.g. Arg,, Arg,, Arg,,
Arg,, H;R,, RoH;, H;R H;, YSSR,SSY, (RKH),, Y(RKH),
R, etc. (SEQ ID NOs: 1-9).

According to a particular preferred aspect of the first
embodiment, cationic or polycationic peptides or proteins as
component P2, having the empirical formula (II) as shown
above and additionally exhibiting at least two —SH-moieties,
may be, without being restricted thereto, selected from the
following subgroup of formulae:

(formula (ID))

(SEQ ID NOs: 2-3, 10-15)

Args, Arde, Argio, Argy, Ardiy, Argis, Ardu, Ardis;;
(SEQ ID NOs: 16-23)

Lysg, Lyso, Lysio, Lysy, Lyspp, Lysis, Lysu, Lysisi;
(SEQ ID NOs: 24-31)

Hisg, Hisg, Hisyo, His;;, His|5, His|;, Hisy,, Hiss;;
(SEQ ID NOs: 32-39)

Orng, Orng, Orn,, Orn;,, Orn;,, Orn;;, Orn;,, Orns;;
According to a further particularly preferred aspect of the

first embodiment, cationic or polycationic peptides or pro-
teins as component P, having the empirical formula (II) as
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shown above and additionally exhibiting at least two —SH-
moieties, may be, without being restricted thereto, selected
from the following subgroup of formulae, wherein the fol-
lowing formulae (as with empirical formula (II)) do not
specify any amino acid order, but are intended to reflect

Lys(6—l3)Hiszs
Lyss.1)Hiss,
Lys(4_1 l)HiS4s
Lys(3—10)HiSSs

Lys.o)Hisg,

Lys_gHis,,

empirical formulae by exclusively specifying the (number of)
ingly, as an example, empirical formula Arg., ,,Lys,, is
intended to mean that peptides falling under this formula
order. Ifthe peptides contain 7 Arg residues and 1 Lys residue,
all variants having 7 Arg residues and 1 Lys residue are
anywhere in the e.g. 8 amino acid long sequence composed of
7 Argand 1 Lys residues. The subgroup preferably comprises:
Ly5(7-14)omls His(7_14)an1;
Arg(6—l3)Lyszs Arg(6—l3)H1525 Arg(6—l3)orn25
Arg(5—12)LyS3s Arg.(5—12)HiS3s Arg(5—12)orn33
Lys(s_lz)Orn3, Hls(s_lz)Orn3;
Lys e 11y Oy, His(4_11)Orn4;
Arg(3-10)LySSs Arg(3—10)HISSs Arg(3—10)orn55
Arg(z_g)Lys6, Al'.g(z-9)Hi565
Lys5.0,0rmg, His, 6,0rng;
i Arg 5, 0rn,,
Lys(1_8)0m7,. His(;.5,Orns; .
Arg(6-13)Ly51H151s Arg(6-13)Ly510m1s Arg(6-13)H1510m1s
ArglLyslHis.(6—l3)s ArngiS(6—l3)anls Lys,Hiss.,50rn, ;
Arg(s-lz)LyszHlsls Arg(s-lz)LyslHlszs Arg(s-lz)Lyszomls
Arg2LyS(5-.l2)Hisls ArgzLys(S_}z)Ornl, ArglLys(s-lg)Ornzs
Lys(5-12)Hls2omls Lys(s-lz)Hlslomzs Arg2LyslHls(5—12)s
LyS2HiS(5—12).Om15 LyslHiS(S—lz)Omz; ]
Arg(4_11)Lys3Hlsl, Arg(4_11)LyszH152, Arg(4_11)LyslHls3,
Lyslorn:ss Arg(4_1 1)Hi530r1}1, Arg(4_1 1)Hi520rn2., Arg(4_1 1)
His,Orn,, Arg,Lys., ) His,, Arg,Lys,,)His,, Arg,
ArglLyS(4—.ll)Orn35 Lys(4_11)Hi§3Ornl, Lys(4_11)Hi§20rn2,
Lys.11)His, O, ArgsLys Hisq, 1y, Arg,Lys,Hisq 11y,
Arng.is@_1 1,0rng, Lys;His, ;;,Orn,, Lys,Hisy, ;,,0rn,,
LyslHls(4_11)Orn3;
Arg(3—10)LyslHiS4s Arg(3-10) Lys,Orn,, Arg(3-10) L}{s30rn2,
Args.10)Lys,0rns, Arg s 10)Lys,Orny, Arg s 10,His,Orny,
A¥g4Lys(3_10)Hisl, Arg(3—10)Lys(3—10)Hiszs ArgzLys(s-lo)
His;, Arg,Lys s oy His,, Arg,Lys s 0,0, Arg;Lys, o,
H%s40rn1, Lys(3_10)His3Om2, Lys(3_10)HiszOrn3, Lys(3_10)
His, Orn,, Arg4LyslHls(3_10), 3Ly52H15(3-1o)s
Arg3H.is(3_10)Orn2, Arg2H.iS(3—10)Orn3s Arng%S(s-lo)Omm
Lys His5.10)0m,;, Lys;His g ;0,0m,, Lys,Hisg;_;0,0rns,
Arg(z_g)LyssHisl.,
Arg(z_g)LyszHls4,
Arg(2-9)L}f510m55
Arg 5.0yHis;Orny,

amino acids as components of the respective peptide. Accord-
contain 7 to 14 Arg residues and 1 Lys residue of whatsoever
encompassed. The Lys residue may therefore be positioned
Arg, 4lys,, Argy pHis,, Arg, ,.Orn;, Lys. ., His,
Lys(s.13,0mm,, Hise 3,0rn,;
Arg(4_11)Lys4, Arg(4_11)His4, Arg(4_11)0rn4,
Lys.100ms, Hiss_1,0rns;
Arg 5 0,0y,
Arg, glys, Arg g His,,
Arg, Lys s 15)His,, Arg,Lys.s 150m,, Lys 13)His, Orny,
Args 15y Lys, Om,, Arg s, His,Om,, Arg s ,,,His, Orn,,
Arg, Lys His 5 1), Arg,Hiss 50m,, Arg,His s, ,Orn,,
Arg oy, LyssOm,, Arg,,,\Lys,Om,,  Arg,,
Lyse.iyHiss, Argilys, ,,Orn,, Arg,lys, ), Ormn,,
Arg, Lys;His g 1y, Arg;Hisy ,,,0m,, Arg,His , , ,0rn,,
Arg(3_10)Lys4Hisl, Arg(3_10)Lys3Hisz, Arg(3_10)LyszHis3,
Args oy His;Orn,, Arg s oy His,Orn,, Arg s io,His, Orny,
Orn,, ArgzLys(3_10)Orn3, ArglLys(3_10)Orn4, Lys(3_10)
Arg,Lys;His 3 1), Arg,LysHisg ), Arg,His; 0,
Lys His(s_;5,0rn,;
(2-0)Lys,0r11,,
ArgsLys(.q)Hisy,

Arg(z_g)Lys4Hi§2,
Arg, o\Lys, Hiss,
Arg, oLys;Orn,,
Arg(2-9)H.i550m15
Arg(2-9)H1520m4s
Arg,Lys;.g)His,,

Arg(z_g)Lys3His3,

Arg, 6,LyssOrn,,
Arg ;. 0yLys,Orm,,

Arg, o)His,Orn,,
Arg, o His, Orng,
Arg;Lys 5.0\His;,
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ArgoLys,o)Hisy,  Arg Lys, o)Hiss,  ArgsLys.50rm,,
Arg,Lys, o,0m,,  ArgiLys, o,0m;,  Arg,Lys, 5,0rn,,
Arg,Lys; 0\0rms,  Lys oyHissOm,, Lys, o)His,Orn,,
Lyse.o)His;Orn;,  Lys, 6 His,Orn,,  Lys, o)His, Orns,
ArgsLys His 5.0y, ArgaLys,His o),  ArgsLys;His; o).
Arg,Lys,His 5.0y, Arg LyssHis.o), ArgsHis;.50rm,,
Arg, His, 5,0m,, Arg;His,, o0rn;, Arg,His, o, Orn,,
Arg,His, yOmg, LyssHis, ,0m,, Lys,His; 6,0rn,,

Lys;His, 6,0rns, Lys,His, 6,0rny, Lys,His , o,Orns;

Arg(l-s)Ly56Hi51s Arg(l_S)LyssHisz, Arg(l—S)LyS4Hisss
Arg(l_S)Lys3His4, Arg(l-s)LyszHiSSs Arg(l-S)LyslHiS6s
Arg(l-s)Ly56om1s Arg(l_S)LyssOrnz, Arg(l-S)LyS(l-S)
Lys,Ornj, Arg(l-s)Ly530m4s Arg(l_S)LyszOrnS, Arg(l-S)
Lys,Omg, Arg HisOrn,, Arg, oHis;Orn,, Arg g
His,Omn;, Arg His;Orm,, Arg His,Orms, Arg, g
His,Orng, Argglys,, oHis;, ArgsLys, o His,, Arg,
Lysq.His;, ArgsLysq gHis, Arg,Lys, gHiss, Arg,
Lysq.sHiss, Argslys sOm,, Argslys.sOm,, Arg,
Lys.sOm;,  Argslys.sy Orn,  Arg,Lys;_qOrms,
Arg,Lys; 0rmg, Lys g, HisgOm,, Lys g His,Orn,,
Lysq_gHis,Orns, Lys His;Orn,, Lys His,Orns,
Lysq sy His,Omg, Argglys His, gy, ArgsLys,His g),
Arg,Lys;His, g), ArgsLys,His; 5, Arg,LyssHis; g,
Arg,LyssHis | gy, ArgsHis, Orn,, ArgsHis, 4 Orn,,
Arg,His | ¢Om;, Arg;His, Om,, Arg,His, 0Om;,
Arg,His(, §Omg, LysgHis(, gy Orn,, LyssHis, ,0rmn,,
Lys,His(, §Orn;, Lys;His Orn,, Lys,His(, ¢0Orns,
Lys,His,_¢0Orng;

Args.i5)Lys His,Om,,  Arg Lyss 5)His,Om,, Arg,Lys,
Hiss_;5,0rny, Arg, Lys, His, Orns_; 5);

Arge. ) Lys,His, Omy,  Argy,.,Lys His,Omy,  Arge.
Lys,His,Om,, Arg,lysy ,, His,Om,, ArgLys,
His,Orn,, Arg,His,Om,, Arg,lys His, ,;, Om,,
Arg,Lys His ., ,,0m,, Arg, Lys, His(,.;,,0m,,
Arg,Lys,His, Omy, ), Arg, Lys,His, Om, ),
Arg,Lys His;Om, )y

Arg g Lys;His, Omy,  Arges.olys,His,Orny,  Argg.0)
Lys,His, Orn,, Arg; ) Lys, His,Omn,,
Argis. 1o)lys,His,Orn,, ArgsLyss oHis,Om,, Arg,

Arg, gLyssHis, Om,,

Lys, His, Orn,,

Lys,HissOrn,,
Arg, 5 Lys His,Om,,

Arg(l-S)

Lys .10 His,Om,, Arg,Lys s ) His, Om,, Arg,Lys_,o,
His,Om,, Arg,Lys 5 ,o)His, O, Arg;Lys, His 5 ,,0rn,
Arg,Lys,His 5 ,,0m,, oLys Hisgs 0,0,
Arg,Lys, His 3.,0,0mm,, Arg, Lys, His(;.,0)0mmns,
Arg;Lys, His, Om;_y,), Arg,Lys,His, Orm s ),
Arg,Lys; His,Om;_), Arg, Lys,His,Orm;_; 0y,
Arg,Lys;His;Om;._10y:

Arg, o)lys,His,Om,,  Arg, olys His,Orn,,  Arg, o
Lys, His,Orn,, Arg(z_g)Lys3HiszOrnl, Arges o)
Lys,His, Om,, Arg(z_g)LyszHis3Ornl, Arg(z_g)
Lys,His, Orn;, Arg(z_g)LyslHiszOrn3, Arges o)
Lys, His;Orn,, Arg(z_g)LyszHiszOrnz, Arg,Lys ;o)
His,Om,, Arg,LysoHis,Om,, Arg,Lys., oHis,Orn,,
Argslys; oyHis,Orn, , Arg,Lys, o\ His,Orn,, Arg,Lys
His;Orn,, Arg,lys o)His,Om,, Arg,Lys oHis,Orns,
Arg,Lys; 5,His;Orn,, Arg,Lys; oHis,Om,,
Arg,Lys, His, 5,0, Arg,Lys,His, 5,0m,,
Arg,Lys, His; 4,0rn,, ArgsLys,His; 6,0m,,
ArgsLys, His; 4,0rn,, Arg,Lys;His; 6,0m,,
Arg,Lys, His, 4,0rns, Arg,Lys,His; 4,0rns,
Arg,Lys;His; 4,0rn,, Arg,Lys,His; 6,0mn,,
Arg,Lys,His, O, o, Arg,Lys,His, Orn,, o,
Arg,Lys,His, O, o), ArgsLys,His,Orn, o),
Arg,Lys, His,Om,, o, Arg,Lys;His, Orn,, o,
Arg,Lys,His;Orn, o), Arg,Lys,His;Orn, o),
Arg,Lys;His,Om,, o), Arg,Lys;His,Ormn,; o);

Arg(l-S)
Arg(l-S)
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Lys,His,Om,, Arg,_gLys,His,Orn,, Arg, g
Lys,His,Orn,, Arg, glys,His,Orn,, (1-8)
Lys,His,Orn,, Arg,_glys;His;Orn,, (1-8)
Lys;His, Ornj,, Arg(l_S)LyslHis3Orn3, ArgsLys(, g,

His,Orn,, Arg,Lys, ¢HissOmn,, Arg,Lys g His,Orns,
Arg,Lys gHis,Orn,, Arg,Lys g His, Om,, Arg,Lys g,
His,Orn,, Arg,Lys ¢His,Orn,, Arg,Lys ¢ His,Orn,,
Arg,Lys, . gHis,Orn,,  Argslys s His;Om,, Arg,
Lys_gHis,Orns, Arg, Lys, 4 His;Orn,, ArgsLys His, g,
Om,, Arg,LyssHis; 4Orn,, Arg Lys His, g Orns,
Arg,Lys,His(,_,0m,, Arg,Lys,His, Orn,,
Arg,Lys His(,_0rmn,, Arg,Lys,His(,_Orn,,
Arg, Lys,His(,_,0rmn,, Arg,Lys, His(,_Orn,,
Arg;Lys;His ; Orn, Arg;Lys, His ,_¢0Orn,,

Arg, Lys;His(,_,0Orns, ArgsLys, His, O, g,
Arg, Lys;His, O, g), Arg,Lys,His;Om,, g,
Arg,Lys,His, O, _g). Arg,Lys,His, Omy, ),
Arg,Lys, His,Ormn,,_g). Arg,Lys,His, Omy, ),
Arg, Lys, His,Orn,_g). Arg,Lys His,Omy, ),
Arg;Lys;His, O, _g). Arg;Lys His;Omy, ),

Arg, Lys;His, O, )

According to another particular preferred aspect of the first
embodiment, cationic or polycationic peptides or proteins as
component P?, having the empirical formula (II) as shown
above, and additionally exhibiting at least two —SH-moieties
may be, without being restricted thereto, selected from fol-
lowing formulae: Argg, Arg,, Arg,,, Arg,,, Arg,,, Arg;,
Arg,,, Arg,s; Lysg, Lyso, Lys;o. Lys, ), Lys o, Lys, s, Lys .,
Lys, s; Hisg, Hisg, His,,, His,,, His,,, His,5, His;,, His,s;
Orng, Orng, Orn,,, Orn, |, Orn, ,, Om, 5, Orn, ,, Om, 5; (SEQ
1D NOs: 2-3, 10-39, see above).

According to a further particular preferred aspect of the
first embodiment, cationic or polycationic peptides or pro-
teins as component P, having the empirical formula (II) as
shown above, and additionally exhibiting at least two —SH-
moieties may be, without being restricted thereto, selected
from the subgroup consisting of generic formulas Arg, (also
termed Ry), Arg,His; (also termed R H;), His; Arg His; (also
termed H;RGH;), TyrSerSerArg,SerSerTyr (also termed
YSSR,SSY), His;ArggSerSerTyr (also termed H;R,SSY),
(ArglysHis), (also termed (RKH),), Tyr(ArgLysHis),Arg
(also termed Y(RKH),R); (SEQ ID NOs: 2, 5-9, 40, see
above). Even more preferably, these generic formulas are
defined as follows:

According to a one further particular preferred aspect of the
first embodiment, the cationic or polycationic peptide or pro-
tein as component P?, when defined according to formula
{(Arg);(Lys),;(His),;(Om),3(Xaa),} (formula (ID)) as
shown above, and additionally exhibiting at least two —SH-
moieties may be, without being restricted thereto, selected
from formula (Ila), preferably under the provision that at least
one —SH-moiety is provided by a cysteine residue:

{(A18);5(Lys),3(His),i3(0rm) ,5(Cys), } (formula (I1a))

wherein (Arg);(Lys),,;(His),;(Om),; and x are as defined
herein,

Alternatively, the cationic or polycationic peptide or pro-
tein as component P>, when defined according to formula
{(Arg);(Lys),;(His),;(Om),3(Xaa),} (formula (ID)) as
shown above, and additionally exhibiting at least two —SH-
moieties may be, without being restricted thereto, selected
from formula (Ila'), preferably under the provision that at
least one —SH-moiety is provided by a cysteine residue:

{(ATg):(Lys),;(His),:(Orn),;(Xaa),3(Cys), } (formula (TIa))

wherein (Arg);(Lys),,;(His),;(Om),; and x are as defined
herein, Xaa' is any amino acid selected from native (=natu-
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rally occurring) or non-native amino acids except of Arg, Lys,
His, Orn or Cys and y is any number selected from 1, 2, 3, 4,
5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21-30,
31-40, 41-50, 51-60, 61-70, 71-80 and 81-90, provided that
the overall content of Arg (Arginine), Lys (Lysine), His (His-
tidine) and Orn (Ornithine) represents at least 10% of all
amino acids of the oligopeptide.

These aspects of the first embodiment of the present inven-
tion may apply to situations, wherein component P? is
selected from a cationic or polycationic peptide or protein
according to empirical formula (Arg),;(Lys),,;(His),;(Orn),;
(Xaa), (formula (IT)) as shown above, which comprises or has
been modified with at least one cysteine as —SH moiety in
the above meaning such that the cationic or polycationic
peptide as component P carries at least one cysteine, which is
capable to form a disulfide bond with other components of
formula (I).

According to another particular preferred aspect of the first
embodiment, the cationic or polycationic peptide or protein
as component P2, when defined according to formula
{(Arg);(Lys),;(His),:(Om),:(Xaa),} (formula (ID) as
shown above, and preferably additionally exhibiting at least
two —SH-moieties may be, without being restricted thereto,
selected from formula (IIb), preferably under the provision
that the at least two —SH-moieties are provided by two
terminal cysteine residues:

Cys{(Arg)5(Lys),;(His);(Orm),.;(Xaa),} Cys (formula (ITb))

wherein (Arg);; (Lys),,;(His),;(Orn) ;(Xaa), are as defined
herein and form a core of amino acids according to (semiem-
pirical) formula (II). Exemplary examples may comprise any
of the above sequences flanked by two Cys and following
sequences:

(SEQ ID NOs: 41 to 72)
Cys (Argg) Cys, Cys(Argy) Cys, Cys(Argy) Cys,

Cys (Arg,,) Cys, Cys(Arg;,)Cys, Cys(Arg;)Cys,

Cys (Arg,4) Cys, Cys(Arg,s)Cys; Cys(Lysg)Cys,

Cys (Lysy) Cys, Cys(Lys,)Cys, Cys(Lys;)Cys,

Cys (Lys|,) Cys, Cys(Lys;3)Cys, Cys(Lysy)Cys,

Cys (Lys,s) Cys; Cys(Hisg)Cys, Cys(His,)Cys,

Cys (His ) Cys, Cys(His;,)Cys, Cys(His),)Cys,

Cys (His ;) Cys, Cys(His,)Cys, Cys(His)Cys;

Cys (Orng) Cys, Cys(0rng)Cys, Cys(Orn,y) Cys,

Cys (Orn;,) Cys, Cys(0Orn,)Cys, Cys(0rn,;)Cys,

Cys (Orny,) Cys, Cys(Orn;s)Cys,

more preferably following exemplary sequences (SEQ ID
NOs: 73 to 84):

CysArgyCys:
Cys-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Cys

CysArg His;Cys:
Cys-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-His-His-

His-Cys

CysHisArggHis;Cys:
Cys-His-His-His-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-
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-continued
Arg-His-His-His-Cys

CysTyrSerSerArggSerSerTyrCys:
Cys-Tyr-Ser-Ser-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-

Arg-Ser-Ser-Tyr-Cys

CysHisArgeSerSerTyrCys :
Cys-His-His-His-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-

Arg-Ser-Ser-Tyr-Cys

Cys (ArgLysHis),Cys:
Cys-Arg-Lys-His-Arg-Lys-His-Arg-Lys-His-Arg-Lys-

His-Cys

CysTyr (ArgLysHis) ,ArgCys:
Cys-Tyr-Arg-Lys-His-Arg-Lys-His-Arg-Cys
CysHis;ArgoHis;Cys:
Cys-His-His-His-Arg-Arg-Arg-Arg-His-His-His-Cys

CysHisgArgoHisCys:
Cys-His-His-His-His-His-His-Arg-Arg-Arg-Arg-Arg-

Arg-Arg-Arg-Arg-His-His-His-His-His-His-Cys

CysHis;Arg,His;Cys:
Cys-His-His-His-Arg-Arg-Arg-Arg-His-His-His-Cys

CysHisArg,HisCys:
Cys-His-His-His-His-His-His-Arg-Arg-Arg-Arg-His-

His-His-His-His-His-Cys

CysArg,,Cys:
Cys-Arg-Arg-Arg-Arg-Arg Arg-Arg-Arg-Arg-Arg-Arg-

Arg-Cys

This aspect of the first embodiment of the present invention
may apply to situations, wherein the polycationic peptide or
protein as component P, e.g. when defined according to
empirical formula (Arg);(Lys),,;(His),;(Orm),;(Xaa), (for-
mula (II)) as shown above, has been modified with at least two
(terminal) cysteines as —SH moieties in the above meaning
such that component P? carries at least two (terminal) cys-
teines, which are capable to form a disulfide bond with other
components of formula (I).

According to another aspect of the first embodiment, com-
ponent P? represents a cationic or polycationic polymer,
selected from e.g. any cationic polymer suitable in this con-
text, provided that this cationic polymer exhibits at least two
—SH-moieties, which provide for a disulfide bond linking
component P? with component P* or P?, or with further com-
ponent(s) P? oramino acid components (AA)_. Thus, likewise
as defined herein, component P? may occur as a repetitive
component as defined herein as represented by subformula
[S—P>—S8], or {[S—P>—S]/[S-(AA).-S],}, wherein the
same or different cationic or polycationic polymers P? may be
used in said repetitive component.

Preferably, component P? represents a cationic or polyca-
tionic polymer, typically exhibiting a molecular weight of
about 0.5 kDa to about 100 kDa, of about 1 kDa to about 75
kDa, of about 5 kDa to about 50 kDa, of about 5 kDa to about
30 kDa, or a molecular weight of about 10 kDa to about 50
kDa, or of about 10 kDa to about 30 kDa, preferably of about
0.5 kDa to about 30 kDa, more preferably of about 1 kDa to
about 20 kDa, and even more preferably of about 1.5 kDa to
about 10 kDa. Additionally, the cationic or polycationic poly-
mer as component P? typically exhibits at least two —SH
moieties, which are capable to form a disulfide linkage upon
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condensation with either components P* or P> or with other
components P? or amino acid components (AA),. as defined
herein.

When component P? represents a cationic or polycationic
polymer, such a polymer may be selected from acrylates,
modified acrylates, such as pPDMAEMA (poly(dimethylami-
noethyl methylacrylate)), chitosanes, aziridines or 2-ethyl-2-
oxazoline (forming oligo ethylenimines or modifed oligoet-
hylenimines), polymers obtained by reaction of bisacrylates
with amines forming oligo beta aminoesters or poly amido
amines, or other polymers like polyesters, polycarbonates,
etc. Each molecule of these cationic or polycationic polymers
typically exhibits at least two —SH-moieties, wherein these
at least two —SH-moieties may be introduced into the cat-
ionic or polycationic polymer by chemical modifications, e.g.
using imonothiolan, 3-thio propionic acid or introduction of
—SH-moieties containing amino acids, such as cystein,
methionine or any further (modified) amino acid. Such—SH-
moieties are preferably as already defined above for compo-
nents P!, P? or P°.

Component P? of formula (I) of the present invention pref-
erably occurs as repetitive component [ —S—P>—S-],.. Such
arepetitive component [S—P>—S] may be prepared using at
least one or even more of the same or different of the above
defined components P? and polymerizing same in a polymer-
ization condensation reaction via their SH-moieties.

According to one specific aspect of the first embodiment,
such a repetitive component [S—P>—S], may be prepared
using at least one or even more of the same or different of the
above defined cationic or polycationic peptides or proteins,
and polymerizing same in a polymerization condensation
reaction via their —SH-moieties. Accordingly, such a repeti-
tive component [S—P>—S] , contains a number of at least
one or even more of the same or different of the above defined
cationic or polycationic proteins or peptides determined by
integer n.

According to another specific aspect of the first embodi-
ment, such a repetitive component [S—P>—S],, may be pre-
pared using at least one or even more of the same or different
of the above defined cationic or polycationic polymers, and
polymerizing same in a polymerization condensation reac-
tion via their —SH-moieties. Accordingly, such a repetitive
component [S—P>—S] contains a number of at least one or
even more of the same or different of the above defined
cationic or polycationic polymers determined by integer n.

According to a further specific aspect of the first embodi-
ment, such a repetitive component [S—P>—S], may be pre-
pared using at least one or even more of the same or different
of'the above defined cationic or polycationic polymers and at
least one or even more of the same or different of the above
defined cationic or polycationic proteins or peptides, and
polymerizing same in a polymerization condensation reac-
tion via their —SH-moieties. Accordingly, such a repetitive
component [S—P>—S]  contains a number of at least one or
even more of the same or different of the above defined
cationic or polycationic polymers and at least one or even
more of the same or different of the above defined cationic or
polycationic proteins or peptides, both together determined
by integer n.

According to a further aspect of the first embodiment, the
inventive polymeric carrier according to formula (I) above,
may comprise at least one amino acid component (AA),,
wherein AA is preferably an amino acid as defined in the
following, which, when occurring as amino acid component
(AA),, allows to (substantially) modify the biophysical/bio-
chemical properties of the inventive polymeric carrier accord-
ing to formula (I) as defined herein. According to the present
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invention, the number of amino acids in such an amino acid
component (AA)_, (repetitions) is defined by x. In the above
context, X is preferably an integer and may be selected from a
range of about 1 to 100, preferably from a range of about 1 to
50, more preferably 1 to 30, and even more preferably
selected from a number comprising 1,2,3,4,5,6,7, 8,9, 10,
11,12,13, 14 0r 15-30, e.g. from a range of about 1 to 30, from
arange of about 1 to 15, or from a number comprising 1, 2, 3,
4,5,6,7,8,9,10,11,12,13, 14 or 15, or may be selected from
a range formed by any two of the afore mentioned values.

Such components (AA), may be contained in every parts of
the inventive polymeric carrier according to formula (I) above
and therefore may be attached to all components of the inven-
tive polymeric carrier according to formula (I). It is particu-
larly preferred that (AA), is present as ligand or part of the
repetitive component [S—P>—S] .

In this context it is particularly preferred that the amino
acid component (AA), contains or is flanked (e.g. terminally)
by at least one —SH containing moiety, which allows intro-
ducing this component (AA), via a disulfide bond into the
polymeric carrier according to formula (I) as defined herein.
In this context, the amino acid component (AA), may also be
read as a component —S-(AA), - or —S-(AA), -S—, wherein
S represents a —SH containing moiety (or, of course, one
sulfur of a disulfide bond), e.g. a cysteine residue. In the
specific case that the SH containing moiety represents a cys-
teine, the amino acid component (AA), may also be read as
-Cys-(AA) - or -Cys-(AA),-Cys- wherein Cys represents
Cysteine and provides for the necessary —SH-moiety for a
disulfide bond. (Accordingly, -Cys-(AA) -Cys- may also be
written as —(S-Cys)-(AA),-(Cys-S)—and -Cys-(AA), - may
also be written as (S-Cys)-(AA),-).) The —SH containing
moiety may be also introduced into the amino acid compo-
nent (AA), using any of modifications or reactions as shown
above for components P*, P? or P*. In the specific case that the
amino acid component (AA), is linked to two components of
the inventive polymeric carrier according to formula (I) it is
preferred that (AA), contains at least two —SH-moieties, e.g.
at least two Cysteines, preferably at its terminal ends. This is
particularly preferred if (AA), is part of the repetitive com-
ponent [S—P>—S],.

In an alternative the amino acid component (AA) is intro-
duced into the inventive polymeric carrier according to for-
mula (I) as defined herein via any chemical possible addition
reaction. Therefore the amino acid component (AA), con-
tains at least one further functional moiety, which allows
attaching same to a further component as defined herein, e.g.
component P! or P?, P?, L, or a further amino acid component
(AA),, etc. Such functional moieties may be selected from
functionalities which allow the attachment of further compo-
nents, e.g. functionalities as defined herein, e.g. by amide
formation (e.g. carboxylic acids, sulphonic acids, amines,
etc.), by Michael addition (e.g maleinimide moieties, o,f3
unsatured carbonyls, etc.), by click chemistry (e.g. azides or
alkines), by alkene/alkine methatesis (e.g. alkenes or alk-
ines), imine or hydrozone formation (aldehydes or ketons,
hydrazins, hydroxylamins, amines), complexation reactions
(avidin, biotin, protein G) or components which allow S,-
type substitution reactions (e.g halogenalkans, thiols, alco-
hols, amines, hydrazines, hydrazides, sulphonic acid esters,
oxyphosphonium salts) or other chemical moieties which can
be utilized in the attachment of further components.

The amino acid component (AA), may also occur as a
mixed repetitive amino acid component [(AA), |, wherein the
number of amino acid components (AA), is further defined by
z. In this context, z is an integer and may be selected from a
range of about 1 to 30, preferably from a range of about 1 to
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15, more preferably 1 to 10 or 1 to 5 and even more preferably
selected from a number selected from 1, 2, 3,4, 5,6,7, 8, 9,
10, 11, 12, 13, 14 or 15, or may be selected from a range
formed by any two of the afore mentioned values. Such a
mixed repetitive amino acid component [(AA), ], may be used
to integrate several of the same or different amino acid com-
ponents (AA)_ as defined herein in the inventive polymeric
carrier. Preferably, in the mixed repetitive amino acid com-
ponent [(AA) |, the amino acid component (AA), may con-
tain or may be flanked (e.g. terminally) by at least one —SH
containing moiety, preferably at least two —SH containing
moieties as already defined above, which allows coupling the
different amino acid components (AA), using a disulfide
bond via a condensation polymerization. Likewise as above,
the mixed repetitive amino acid component [ (AA), |, may also
be read as [S-(AA),-S],, wherein S represents a —SH con-
taining moiety, e.g. a cysteine residue. In the specific case that
the —SH containing moiety represents a cysteine, the mixed
repetitive amino acid component [(AA),]., may also be read
as [Cys-(AA),-Cys], wherein Cys represents Cysteine and
provides for the necessary —SH-moiety for a disulfide bond.
The SH containing moiety may be also introduced into the
amino acid component (AA)_ using any of modifications or
reactions as shown above for components P!, P? or P,

The amino acid component (AA), or the mixed repetitive
amino acid component [(AA), ], may be provided with at least
one —SH-moiety, e.g. in a form represented by formula
(AA),-SH. Then, the component [(AA), Jaccording to for-
mula (AA),-SH or the mixed repetitive amino acid compo-
nent [(AA),], according to formula [(AA), ].-SH, may be
bound to any of components L, P*, P? and/or P? or another
component (AA), via adisulfide bond. If bound to component
P! and/or component P?, components P* and/or P preferably
exhibit at least two —SH-moieties to allow further binding of
components P! and/or P? to a component P? via a —SH-
moiety forming a disulfide bond (see above). The amino acid
component (AA), in a form represented by formula (AA),-
SH or the mixed repetitive amino acid component [(AA),].
according to formula [(AA), | .-SH may be also used to termi-
nate a condensation reaction due to its single —SH moiety. In
this case, the amino acid component (AA), in a form repre-
sented by formula (AA),-SH is preferably coupled terminally
to components P' and/or P?. The amino acid component
(AA), in a form represented by formula (AA),-SH or the
mixed repetitive amino acid component [(AA), |, according to
formula [(AA),].-SH may be also used to bind internally to
any of components L, P*, P? and/or P* or a further component
(AA), via a further internal —SH-moiety of any of compo-
nents L, P', P? and/or P? or (AA)_.

Furthermore, the amino acid component (AA), may be
provided with two —SH-moieties (or even more), e.g. in a
form represented by formula HS-(AA),-SH. Additionally, the
mixed repetitive amino acid component [(AA), ], may be pro-
vided with two —SH-moieties (or even more), e.g. in a form
represented by formula HS-[(AA), ].-SH, to allow binding to
two functionalities via disulfide bonds, e.g. if the amino acid
component (AA), or the mixed repetitive amino acid compo-
nent [(AA),]. is used as a linker between two further compo-
nents (e.g. as a linker between components L and P*, between
components P! and P, in or as a part of repetitive component
[S—P>—S] ,, between components P? and P> and/or between
components P? and L). In this case, one —SH moiety is
preferably protected in a first step using a protecting group as
known in the art, leading to an amino acid component (AA),
of formula HS-(AA),-S-protecting group or to a mixed
repetitive amino acid component [(AA),], of formula HS-
[(AA),],-S-protecting group. Then, the amino acid compo-



US 9,314,535 B2

23

nent (AA), or the mixed repetitive amino acid component
[(AA),], may be bound to a component L, P!, P> and/or P*, to
form a first disulfide bond via the non-protected —SH moiety.
The protected-SH-moiety is then typically deprotected and
bound to a further free —SH-moiety of a further component
L, P', P?and/or P? to form a second disulfide bond. In the case
that the amino acid component (AA)_or the mixed repetitive
amino acid component [(AA),], is part of the repetitive com-
ponent [S—P>—S], it is preferred that the formation of the
disulfide bonds between (AA), and P? concurrently occurs
with the polycondensation reaction of the repetitive compo-
nent [S—P>—S], and therefore no protection of the at least
two terminal —SH-moieties is not necessary.

Alternatively, the amino acid component (AA), or the
mixed repetitive amino acid component [(AA), |, may be pro-
vided with other functionalities as already described above
for components P' and P? and/or P?, which allow binding of
the amino acid component (AA), or binding of the mixed
repetitive amino acid component [(AA),]. to any of compo-
nents P*, P? and/or P* or (AA), and optionally to component
L.

Thus, according to the present invention, the amino acid
component (AA)_ and/or the mixed repetitive amino acid
component [(AA) ], may be bound to P!, P?, P>, (AA)_ and/or
L with or without using a disulfide linkage. Binding without
using a disulfide linkage may be accomplished by any of the
reactions described above, preferably by binding the amino
acid component (AA), or the mixed repetitive amino acid
component [(AA) ], to P', P2, P>, (AA), and/or L using an
amid-chemistry as defined herein. If desired or necessary, the
other terminus of the amino acid component (AA), or the
mixed repetitive amino acid component [(AA), ], e.g. the N-
or C-terminus, may be used to couple another component,
e.g. a ligand L. For this purpose, the other terminus of the
amino acid component (AA), or the mixed repetitive amino
acid component [(AA), ], preferably comprises or is modified
to comprise a further functionality, e.g. an alkyn-species (see
above), which may be used to add the other component via
e.g. click-chemistry. Such a construct, e.g. L-(AA) -P'—S—
or L-[(AA),],-P*—S—, may be used to terminate the poly-
merization condensation reaction of repetitive component
[S—P>—S],. If the ligand is bound via an acid-labile bond,
the bond may be cleaved off in the endosome and the inven-
tive polymeric carrier presents amino acid component (AA),
or the mixed repetitive amino acid component [(AA),], at its
surface.

The amino acid component (AA)_ or the mixed repetitive
amino acid component [(AA), ], may occur as a further com-
ponent of generic formula (I) above, e.g. as a linker between
components P! or P* and P?, as a linker between components
L and P* or P* or as an additional component of the repetitive
component [S—P>*—S] .

According to a first alternative, such an amino acid com-
ponent (AA), or the mixed repetitive amino acid component
[(AA),], may be present as a linker between components P or
P? and component P2, This is preferably represented in the
context of the entire inventive polymeric carrier according to
formula (I) by following formulae:

L-P!—S—S-(AA) -S—[S—P2 8], —S-(AA) -S—
S—P3L, or

L-P'—S—[S-(AA),-S],—[S—P>—S],—[S-(AA),-
S], —S—P3-L,
wherein n, X, z, S, L, AA, P!, P? and P? are preferably as
defined herein. In the above formulae, the term “—S—S—"
represents a disulfide bond, wherein this at least one sulfur of
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the disulfide bond may also be provided by a cysteine. In this
case, the term “—S—S—" in these formulac may also be
written as “—S-Cys”, as “-Cys-S” or as “-Cys-Cys-". In this
context, the term “-Cys-Cys-" does not represent a peptide
bond but a linkage of two cysteines via their—SH-moieties to
form a disulfide bond. Accordingly, the term “-Cys-Cys-"
may also be understood generally as “-(Cys-S)—(S-Cys)-",
wherein in this specific case S indicates the sulfur of the
—SH-moiety of cysteine. Likewise, the terms “—S-Cys” and
“-Cys-S” indicate a disulfide bond between a —SH contain-
ing moiety and a cysteine, which may also be written as
“—S—(S-Cys)” and “~(Cys-S)—S”.

According to a second alternative, such an amino acid
component (AA)_ or the mixed repetitive amino acid compo-
nent [(AA), |, may be present as a linker between components
P! or P? and component L. This is preferably represented in
the context of the entire inventive polymeric carrier according
to formula (I) by following formulae:

L-(AA),-P'—S—[S—P?—S],—S—P3(AA),-L,or
L-[(AA),]-P'—S—[S—P*—S],—S—P*-[(AA),], L,
or alternatively

L-(AA),-S—S—PL S [S—P> 8], —S—P3 S
S-(AA),-S—S-L, or

L-S—S-(AA),-S—S—PL S [S—P>§],—S—
P3>—S—S-(AA),-S—S-L, or

L-S—[S-(AA),-S],—S—P!'—S—[S—P?>—S],—S—
P3—S—[S-(AA),-S],—S-L, etc.

wherein n, x, z, S, L, AA, P!, P? and P? are preferably as
defined herein. In the above formulae, the term “—S—S—”
represents a disulfide bond, as already defined above.

According to a third alternative, such an amino acid com-
ponent (AA), or the mixed repetitive amino acid component
[(AA),], may be present as a part of components P* and/or P>,
wherein the amino acid component (AA),, may be directly
bound to (e.g. the terminus of) component P* and/or P* with-
out a further ligand L. In this case the (AA), component may
be in the form of a ligand as defined above. This is preferably
represented in the context of the entire inventive polymeric
carrier according to formula (I) by following formulae:

(AA),-P1—S—[S—P?—S],—S—P3>(AA) , or
[(AA),L-P'—S—[S—P*—S],—S—P>-[(AA),],, or
or alternatively

(AA),-S—S—P!'—§—[S—P> 8] —S—P>—S—§-
(AA),, or

H—[S-(AA),-S],—S—P!'—S—[S—P> S|, —S—
S—P>—S—[S-(AA),(S.—H,
wherein n, %, z, S, AA, P!, P? and P? are preferably as
defined herein. In the above formulae, the term “—S—S—”
represents a disulfide bond, as already defined above. The free
—SH moiety at the terminal ends in the last formula may also
be terminated using a monothiol compound as defined herein.
According to a fourth and particularly preferred alterna-
tive, the amino acid component (AA),, preferably written as
S-(AA),-S or [S-(AA),-S] may be used to modify component
P2, particularly the content of component S—P>—S in repeti-
tive component [S—P>—S],, of formula (I) above. This may
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be represented in the context of the entire polymeric carrier
according to formula (I) e.g. by following formula (Ia):

L-P'—§-{[S—P*—S],[S-(AA),S],}-S—P*L,

whereinx, S, L, AA, P!, P? and P? are preferably as defined
herein. In formula (Ia) above, any of the single components
[S—P>—S] and [S-(AA),-S] may occur in any order in the
subformula {[S—P>—S],[S-(AA),-S],}. The numbers of
single components [S—P*>—S] and [S-(AA), -S] in the sub-
formula {[S—P>*—S8],[S-(AA),-S],} are determined by inte-
gers a and b, wherein a+b=n. n is an integer and is defined as
above for formula (I).

ais an integer, typically selected independent from integer
b from a range of about 1 to 50, preferably from a range of
about 1, 2 or 3 to 30, more preferably from a range of about 1,
2,3,4,0r 51025, or arange of about 1, 2, 3, 4, or 5 to 20, or
arange of about 1, 2, 3, 4, or 5 to 15, or a range of about 1, 2,
3,4,0r 510 10, including e.g. arange of about 3 to 20, 4 to 20,
5to 20, or 10 to 20, or a range of about 3 to 15, 4 to 15, S to
15, 0or 10 to 15, or a range of about 6 to 11 or 7 to 10. Most
preferably, a is in a range of about 1, 2, 3, 4, or 5 to 10, more
preferably in a range of about 1, 2, 3, or 4 to 9, in a range of
about 1, 2, 3, or 4 to 8, or in a range of about 1, 2, or 3 to 7.

b is an integer, typically selected independent from integer
a from a range of about 0 to 50 or 1 to 50, preferably from a
range of about 0, 1, 2 or 3 to 30, more preferably from a range
ofabout 0, 1, 2, 3, 4, or 5 to 25, or a range of about 0, 1, 2, 3,
4, or 510 20, or a range of about 0, 1, 2,3, 4,0or 5to 15, 0r a
range of about 0, 1, 2, 3, 4, or 5 to 10, including e.g. a range
of'about 3 t0 20, 4 t0 20, 5 to 20, or 10to 20, or arange of about
3to 15,410 15,5t0 15, or 10 to 15, or a range of about 6 to
11 or 7 to 10. Most preferably, b is in a range of about 1, 2, 3,
4, or 5 to 10, more preferably in a range of about 1, 2, 3, or 4
t0 9,inarange ofabout 1,2, 3, or 4 to 8, orin a range of about
1,2,0or3t07.

In the above formula, the term “—S—S—" (the brackets
are omitted for better readability) represents a disulfide bond
as already defined above.

The modification of component P2, particularly of compo-
nent S—P?>—S of repetitive component [S—P>*—S],, by
“diluting” same with amino acid components (AA)_may be
also realized in the context of any of the afore mentioned
alternatives of the entire polymeric carrier according to for-
mula (I),

L-P'—S—S8-(AA),-S-{[S—P>*—S],[S-(AA),-S],}-S-
(AA) -S—S—P3L, or

L-P'—S—[S-(AA),-S].-{[S—P*—S].[S-(AA),-S],}-
[S-(AA),-S],—S—P3L, or

L-(AA),-P'—S-{[S—P?—S],[S-(AA),-S], }-S—P>-
(AA),-L, or

L-[(AA),L-P'—S-{[S—P*—S],[S-(AA),-S],}-S—
P3[(AA),]-L, or

L-(AA),-S—S—P'—S-{[S—P*—S],[S-(AA),-S],}-
S—P3 S S-(AA),-S—S-L, or

L-S—S-(AA),-S—S—P'—S-{[S—P>—S],[S-(AA),-
Sls}-S—P3>—S—S-(AA),-S—S-L, or

L-S—[S-(AA),-S],—S—P!—S-{[S—P2—S],[S-
(AA),-S],}-S—P*—S—[S-(AA),-S],—S-L, or

(AA), -PL—S-{[S—P?—S]_[S-(AA) -S],}-S—P3-
(AA),, or

[(AA),L-P'—S-{[S—P*—S][S-(AA),-S],}-S—P>
[(AA),],, or
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(AA),-S—S—P'—S-{[S—P>—S],[S-(AA),-S]5}-
S—P3—S—S-(AA),, or

H[S-(AA),-S],—S—P'—S-{[S—P*—S],[S-(AA),-
S5}-S—P*—S—[S-(AA),-S..—H,

whereinn, X, z, a, b, S, L, AA, P', P? and P? are preferably
as defined herein. Likewise, the term “—S—S—" represents
a disulfide bond and is preferably as defined herein.

In the above alternatives, wherein the component [S—P>*—
S] is preferably “diluted” with amino acid components [S-
(AA),-S], theratio is determined by integers a and b, wherein
a+b=n. Preferably, integers a and b are selected such that the
cationic binding properties of component [ S—P>—S] are not
lost but remain to a minimum extent in subformula/compo-
nent {[S—P>—S8] [S-(AA)-S],}. This allows to weaken
(“dilute”) the cationic binding strength of component
[S—P*>—S] in repetitive component [S—P>—S],, of inven-
tive polymeric carrier of formula (I) to a desired extent.

In this specific context the (desired) cationic binding
strength of subformula/component {[S—P>—S]_[S-(AA),-
S],} may be determined using different methods.

According to a first alternative, component P? of formula
(D) ofthe present invention is particularly preferable a cationic
or polycationic peptide as defined herein. Furthermore, the
amino acid component (AA),, preferably written as [S-
(AA),-S], typically resembles a peptide sequence. In this
specific case, the cationic properties of subformula/compo-
nent {[S—P>—8],[S-(AA).-S],} may be determined upon
their content of cationic amino acids in the entire subformula/
component. Preferably, the content of cationic amino acids in
subformula/component {[S—P>—S8],[S-(AA).-S],} is at
least 10%, 20%, or 30%, preferably at least 40%, more pref-
erably at least 50%, 60% or 70%, but also preferably at least
80%, 90%, or even 95%, 96%, 97%, 98%, 99% or 100%,
most preferably at least 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 96%, 97%, 98%, 99% or 100%, or may be in the
range of about 10% to 90%, more preferably in the range of
about 15% to 75%, even preferably in the range of about 20%
to 50%, e.g. 20, 30, 40 or 50%, or in a range formed by any
two of the afore mentioned values, provided, that the content
of all amino acids, e.g. cationic, lipophilic, hydrophilic, aro-
matic and further amino acids, in the entire subformula/com-
ponent {[S—P>—S],[S-(AA),-S],} is 100%.

According to a second alternative, component P? of for-
mula (I) of the present invention is particularly preferable a
cationic or polycationic polymer as defined herein. The
amino acid component (AA),, preferably written as [S-
(AA),-S], typically resembles a peptide sequence. In this
specific case, the cationic properties of subformula/compo-
nent {[S—P>—8],[S-(AA).-S],} may be determined upon
their content of cationic charges in the entire subformula/
component. Preferably, the content of cationic charges in
subformula/component {[S—P>—S]_[S-(AA).-S],} at a
(physiological) pH as defined herein is at least 10%, 20%, or
30%, preferably at least 40%, more preferably at least 50%,
60% or 70%, but also preferably at least 80%, 90%, or even
95%, 96%, 97%, 98%, 99% or 100%, most preferably at least
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%,
98%, 99% or 100%, or may be in the range of about 10% to
90%, more preferably in the range of about 15% to 75%, even
preferably in the range of about 20% to 50%, e.g. 20, 30, 40
or 50%, or in a range formed by any two of the afore men-
tioned values, provided, that the content of all charges, e.g.
positive and negative charges at a (physiological) pH as
defined herein, in the entire subformula/component {[S—
P>—S],[S-(AA),-S],} is 100%.
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In the context of the present invention, the amino acid
component (AA), may be selected from the following alter-
natives.

According to a first alternative, the amino acid component
(AA), may be an aromatic amino acid component (AA),. The
incorporation of aromatic amino acids or sequences as an
amino aromatic acid component (AA)_ into the inventive
polymeric carrier according to formula (I) of the present
invention enables a different (second) binding of the inventive
polymeric carrier to the nucleic acid due to interactions of the
aromatic amino acids with the bases of the nucleic acid cargo
in contrast to the binding thereof by cationic charged
sequences of the polymeric carrier molecule to the phosphate
backbone. This interaction may occur e.g. by intercalations or
by minor or major groove binding. This kind of interaction is
not prone to decompaction by anionic complexing partners
(e.g. Heparin, Hyaluronic acids) which are found mainly in
the extracellular matrix in vivo and is also less susceptible to
salt effects.

For this purpose, the amino acid AA in the aromatic amino
acid component (AA),, may be selected from either the same
or different aromatic amino acids e.g. selected from Trp, Tyr,
or Phe. Alternatively, the amino acid AA (or the entire aro-
matic amino acid component (AA),) may be selected from
following peptide combinations Trp-Tyr, Tyr-Trp, Trp-Trp,
Tyr-Tyr, Trp-Tyr-Trp, Tyr-Trp-Tyr, Trp-Trp-Trp, Tyr-Tyr-Tyr,
Trp-Tyr-Trp-Tyr, Tyr-Trp-Tyr-Trp, Trp-Trp-Trp-Trp, Phe-
Tyr, Tyr-Phe, Phe-Phe, Phe-Tyr-Phe, Tyr-Phe-Tyr, Phe-Phe-
Phe, Phe-Tyr-Phe-Tyr, Tyr-Phe-Tyr-Phe, Phe-Phe-Phe-Phe,
Phe-Trp, Trp-Phe, Phe-Phe, Phe-Trp-Phe, Trp-Phe-Trp, Phe-
Trp-Phe-Trp, Trp-Phe-Trp-Phe, or Tyr-Tyr-Tyr-Tyr, etc.
(SEQ ID NOs: 85-112) or combinations thereof.

Additionally, the aromatic amino acid component (AA),
may contain or may be flanked by a—SH containing moiety,
which allows introducing this component via a disulfide bond
as a further part of generic formula (I) above, e.g. as a linker
or more preferably as a component of the repetitive compo-
nent [S—P>—S],. Such a —SH containing moiety may be
any moiety as defined herein suitable to couple one compo-
nent as defined herein to a further component as defined
herein. As an example, such a —SH containing moiety may
be a cysteine. Then, e.g. the aromatic amino acid component
(AA), may be selected from e.g. peptide combinations Cys-
Tyr-Cys, Cys-Trp-Cys, Cys-Trp-Tyr-Cys, Cys-Tyr-Trp-Cys,
Cys-Trp-Trp-Cys, Cys-Tyr-Tyr-Cys, Cys-Trp-Tyr-Trp-Cys,
Cys-Tyr-Trp-Tyr-Cys, Cys-Trp-Trp-Trp-Cys, Cys-Tyr-Tyr-
Tyr-Cys, Cys-Trp-Tyr-Trp-Tyr-Cys, Cys-Tyr-Trp-Tyr-Trp-
Cys, Cys-Trp-Trp-Trp-Trp-Cys, Cys-Tyr-Tyr-Tyr-Tyr-Cys,
Cys-Phe-Cys, Cys-Phe-Tyr-Cys, Cys-Tyr-Phe-Cys, Cys-
Phe-Phe-Cys, Cys-Tyr-Tyr-Cys, Cys-Phe-Tyr-Phe-Cys, Cys-
Tyr-Phe-Tyr-Cys, Cys-Phe-Phe-Phe-Cys, Cys-Tyr-Tyr-Tyr-
Cys, Cys-Phe-Tyr-Phe-Tyr-Cys, Cys-Tyr-Phe-Tyr-Phe-Cys,
or Cys-Phe-Phe-Phe-Phe-Cys, Cys-Phe-Trp-Cys, Cys-Trp-
Phe-Cys, Cys-Trp-Trp-Cys, Cys-Phe-Trp-Phe-Cys, Cys-Trp-
Phe-Trp-Cys, Cys-Phe-Trp-Phe-Trp-Cys, Cys-Trp-Phe-Trp-
Phe-Cys, etc. (SEQ ID NOs: 113-145) or combinations
thereof. Each Cys above may also be replaced by any modi-
fied peptide or chemical compound carrying a free —SH-
moiety as defined herein.

Additionally, the aromatic amino acid component (AA),
may contain at least one proline, which may serve as a struc-
ture breaker of longer repetitive sequences of Trp, Tyr and Phe
in the aromatic amino acid component (AA)_, preferably two,
three or more prolines.

According to a second alternative, the amino acid compo-
nent (AA), may be a hydrophilic (and preferably non charged
polar) amino acid component (AA),. The incorporation of
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hydrophilic (and preferably non charged polar) amino acids
or sequences as amino hydrophilic (and preferably non
charged polar) acid component (AA), into the inventive poly-
meric carrier according to formula (I) of the present invention
enables a more flexible binding to the nucleic acid cargo. This
leads to a more effective compaction of the nucleic acid cargo
and hence to a better protection against nucleases and
unwanted decompaction. It also allows provision of a (long)
inventive polymeric carrier according to formula (I) which
exhibits a reduced cationic charge over the entire carrier or
preferably within repetitive component [S—P>*—S] and in
this context to better adjusted binding properties, if desired or
necessary.

For this purpose, the amino acid AA in the hydrophilic (and
preferably non charged polar) amino acid component (AA),
may be selected from either the same or different hydrophilic
(and preferably non charged polar) amino acids e.g. selected
from Thr, Ser, Asn or Gln. Alternatively, the amino acid AA
(or the entire hydrophilic (and preferably non charged polar)
amino acid component (AA),) may be selected from follow-
ing peptide combinations Ser-Thr, Thr-Ser, Ser-Ser, Thr-Thr,
Ser-Thr-Ser, Thr-Ser-Thr, Ser-Ser-Ser, Thr-Thr-Thr, Ser-Thr-
Ser-Thr, Thr-Ser-Thr-Ser, Ser-Ser-Ser-Ser, Thr-Thr-Thr-Thr,
Gln-Asn, Asn-Gln, Gln-Gln, Asn-Asn, Gln-Asn-Gln, Asn-
Gln-Asn, GIn-Gln-Gln, Asn-Asn-Asn, Gln-Asn-Gln-Asn,
Asn-Gln-Asn-Gln, Gln-Gln-GIn-Gln, Asn-Asn-Asn-Asn,
Ser-Asn, Asn-Ser, Ser-Ser, Asn-Asn, Ser-Asn-Ser, Asn-Ser-
Asn, Ser-Ser-Ser, Asn-Asn-Asn, Ser-Asn-Ser-Asn, Asn-Ser-
Asn-Ser, Ser-Ser-Ser-Ser, or Asn-Asn-Asn-Asn, etc. (SEQ
ID NOs: 146-181) or combinations thereof.

Additionally, the hydrophilic (and preferably non charged
polar) amino acid component (AA), may contain or may be
flanked by a—SH containing moiety, which allows introduc-
ing this component via a disulfide bond as a further part of
generic formula (I) above, e.g. as a linker or more preferably
as component of the repetitive component [S—P>—S],,. Such
a —SH containing moiety may be any moiety as defined
herein suitable to couple one component as defined herein to
a further component as defined herein. As an example, such a
—SH containing moiety may be a cysteine. Then, e.g. the
hydrophilic (and preferably non charged polar) amino acid
component (AA), may be selected from e.g. peptide combi-
nations Cys-Thr-Cys, Cys-Ser-Cys, Cys-Ser-Thr-Cys, Cys-
Thr-Ser-Cys, Cys-Ser-Ser-Cys, Cys-Thr-Thr-Cys, Cys-Ser-
Thr-Ser-Cys, Cys-Thr-Ser-Thr-Cys, Cys-Ser-Ser-Ser-Cys,
Cys-Thr-Thr-Thr-Cys, Cys-Ser-Thr-Ser-Thr-Cys, Cys-Thr-
Ser-Thr-Ser-Cys, Cys-Ser-Ser-Ser-Ser-Cys, Cys-Thr-Thr-
Thr-Thr-Cys, Cys-Asn-Cys, Cys-Gln-Cys, Cys-Gln-Asn-
Cys, Cys-Asn-Gln-Cys, Cys-Gln-GIn-Cys, Cys-Asn-Asn-
Cys, Cys-Gln-Asn-Gln-Cys, Cys-Asn-Gln-Asn-Cys, Cys-
GIn-Gln-Gln-Cys, Cys-Asn-Asn-Asn-Cys, Cys-Gln-Asn-
Gln-Asn-Cys, Cys-Asn-Gln-Asn-Gln-Cys, Cys-Gln-Gln-
GIn-Gln-Cys, Cys-Asn-Asn-Asn-Asn-Cys, Cys-Asn-Cys,
Cys-Ser-Cys, Cys-Ser-Asn-Cys, Cys-Asn-Ser-Cys, Cys-Ser-
Ser-Cys, Cys-Asn-Asn-Cys, Cys-Ser-Asn-Ser-Cys, Cys-
Asn-Ser-Asn-Cys, Cys-Ser-Ser-Ser-Cys, Cys-Asn-Asn-Asn-
Cys, Cys-Ser-Asn-Ser-Asn-Cys, Cys-Asn-Ser-Asn-Ser-Cys,
Cys-Ser-Ser-Ser-Ser-Cys, or Cys-Asn-Asn-Asn-Asn-Cys,
etc. (SEQ ID NOs: 182-223) or combinations thereof. Each
Cys above may also be replaced by any modified peptide or
chemical compound carrying a free —SH-moiety as defined
herein.

Additionally, the hydrophilic (and preferably non charged
polar) amino acid component (AA), may contain at least one
proline, which may serve as a structure breaker of longer
repetitive sequences of Ser, Thr and Asn in the hydrophilic
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(and preferably non charged polar) amino acid component
(AA),, preferably two, three or more prolines.

According to a third alternative, the amino acid component
(AA), may be a lipophilic amino acid component (AA),. The
incorporation of lipophilic amino acids or sequences as
amino lipophilic acid component (AA), into the inventive
polymeric carrier according to formula (I) of the present
invention enables a stronger compaction of the nucleic acid
cargo and/or the polymeric carrier according to formula (I)
and its nucleic acid cargo when forming a complex. This is
particularly due to interactions of one or more polymer
strands ofthe inventive polymeric carrier, particularly of lipo-
philic sections of lipophilic amino acid component (AA),,
preferably in the context of subformula/component {[S—
P>—S],[S-(AA),-S],}, and the nucleic acid cargo. This inter-
action will preferably add an additional stability to the com-
plex between the polymeric carrier according to formula (I)
and its nucleic acid cargo. This stabilization may somehow be
compared to a sort of non covalent crosslinking between
different polymerstrands. Especially in aqueous environment
this interaction is typically strong and provides a significant
effect.

For this purpose, the amino acid AA in the lipophilic amino
acid component (AA), may be selected from either the same
or different lipophilic amino acids e.g. selected from Leu, Val,
Ile, Ala, Met. Alternatively, the amino acid AA (or the entire
lipophilic amino acid component (AA),) may be selected
from following peptide combinations [eu-Val, Val-Leu, Leu-
Leu, Val-Val, Leu-Val-Leu, Val-Leu-Val, Leu-Leu-Leu, Val-
Val-Val, Leu-Val-Leu-Val, Val-Leu-Val-Leu, Leu-Leu-Leu-
Leu, Val-Val-Val-Val, Ile-Ala, Ala-Ile, Ile-Ile, Ala-Ala, Ile-
Ala-Ile, Ala-Ile-Ala, Ile-Ile-Ile, Ala-Ala-Ala, Ile-Ala-Ile-Ala,
Ala-Ile-Ala-Ile, Ile-lle-Ile-Ile, Ala-Ala-Ala-Ala, Met-Ala,
Ala-Met, Met-Met, Ala-Ala, Met-Ala-Met, Ala-Met-Ala,
Met-Met-Met, Ala-Ala-Ala, Met-Ala-Met-Ala, Ala-Met-
Ala-Met, or Met-Met-Met-Met etc. (SEQ ID NOs: 224-258)
or combinations thereof.

Additionally, the lipophilic amino acid component (AA),
may contain or may be flanked by a—SH containing moiety,
which allows introducing this component via a disulfide bond
as a further part of generic formula (I) above, e.g. as a linker
or more preferably as component of the repetitive component
[S—P>—S],,. Such a —SH containing moiety may be any
moiety as defined herein suitable to couple one component as
defined herein to a further component as defined herein. As an
example, such a—SH containing moiety may be a cysteine.
Then, e.g. the lipophilic amino acid component (AA), may be
selected from e.g. peptide combinations Cys-Val-Cys, Cys-
Leu-Cys, Cys-Leu-Val-Cys, Cys-Val-Leu-Cys, Cys-Leu-
Leu-Cys, Cys-Val-Val-Cys, Cys-Leu-Val-Leu-Cys, Cys-Val-
Leu-Val-Cys, Cys-Leu-Leu-Leu-Cys, Cys-Val-Val-Val-Cys,
Cys-Leu-Val-Leu-Val-Cys, Cys-Val-Leu-Val-Leu-Cys, Cys-
Leu-Leu-Leu-Leu-Cys, Cys-Val-Val-Val-Val-Cys, Cys-Ala-
Cys, Cys-lle-Cys, Cys-Ile-Ala-Cys, Cys-Ala-Ile-Cys, Cys-
Ile-lle-Cys, Cys-Ala-Ala-Cys, Cys-Ile-Ala-Ile-Cys, Cys-
Ala-Ile-Ala-Cys, Cys-lle-1Ile-Ile-Cys, Cys-Ala-Ala-Ala-Cys,
Cys-Ile-Ala-Ile-Ala-Cys, Cys-Ala-Ile-Ala-Ile-Cys, Cys-Ile-
Ile-Ile-Ile-Cys, or Cys-Ala-Ala-Ala-Ala-Cys, Cys-Met-Cys,
Cys-Met-Ala-Cys, Cys-Ala-Met-Cys, Cys-Met-Met-Cys,
Cys-Ala-Ala-Cys, Cys-Met-Ala-Met-Cys, Cys-Ala-Met-
Ala-Cys, Cys-Met-Met-Met-Cys, Cys-Ala-Ala-Ala-Cys,
Cys-Met-Ala-Met-Ala-Cys, Cys-Ala-Met-Ala-Met-Cys,
Cys-Met-Met-Met-Met-Cys, or Cys-Ala-Ala-Ala-Ala-Cys,
etc. (SEQ ID NOs: 289-299) or combinations thereof. Each
Cys above may also be replaced by any modified peptide or
chemical compound carrying a free —SH-moiety as defined
herein.
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Additionally, the lipophilic amino acid component (AA),
may contain at least one proline, which may serve as a struc-
ture breaker of longer repetitive sequences of Leu, Val, Ile,
Ala and Met in the lipophilic amino acid component (AA),,
preferably two, three or more prolines.

According to a fourth alternative, the amino acid compo-
nent (AA)_ may be a weak basic amino acid component
(AA),. The incorporation of weak basic amino acids or
sequences as weak basic amino acid component (AA), into
the inventive polymeric carrier according to formula (I) of the
present invention may serve as a proton sponge and facilitates
endosomal escape (also called endosomal release) (proton
sponge effect). Incorporation of such a weak basic amino acid
component (AA) preferably enhances transfection effi-
ciency.

For this purpose, the amino acid AA in the weak basic
amino acid component (AA), may be selected from either the
same or different weak amino acids e.g. selected from histi-
dine or aspartate (aspartic acid). Alternatively, the weak basic
amino acid AA (or the entire weak basic amino acid compo-
nent (AA),) may be selected from following peptide combi-
nations Asp-His, His-Asp, Asp-Asp, His-His, Asp-His-Asp,
His-Asp-His, Asp-Asp-Asp, His-His-His, Asp-His-Asp-His,
His-Asp-His-Asp, Asp-Asp-Asp-Asp, or His-His-His-His,
etc. (SEQ ID NOs: 300-311) or combinations thereof.

Additionally, the weak basic amino acid component (AA),
may contain or may be flanked by a—SH containing moiety,
which allows introducing this component via a disulfide bond
as a further part of generic formula (I) above, e.g. as a linker
or more preferably as component of the repetitive component
[S—P>—S],,. Such a —SH containing moiety may be any
moiety as defined herein suitable to couple one component as
defined herein to a further component as defined herein. As an
example, such a —SH containing moiety may be a cysteine.
Then, e.g. the weak basic amino acid component (AA), may
be selected from e.g. peptide combinations Cys-His-Cys,
Cys-Asp-Cys, Cys-Asp-His-Cys, Cys-His-Asp-Cys, Cys-
Asp-Asp-Cys, Cys-His-His-Cys, Cys-Asp-His-Asp-Cys,
Cys-His-Asp-His-Cys, Cys-Asp-Asp-Asp-Cys, Cys-His-
His-His-Cys, Cys-Asp-His-Asp-His-Cys, Cys-His-Asp-His-
Asp-Cys, Cys-Asp-Asp-Asp-Asp-Cys, or Cys-His-His-His-
His-Cys, etc. (SEQ ID NOs: 312-325) or combinations
thereof. Each Cys above may also be replaced by any modi-
fied peptide or chemical compound carrying a free —SH-
moiety as defined herein.

Additionally, the weak basic amino acid component (AA),
may contain at least one proline, which may serve as a struc-
ture breaker of longer repetitive sequences of histidine or
aspartate (aspartic acid) in the weak basic amino acid com-
ponent (AA),, preferably two, three or more prolines.

Additionally, the inventive polymeric carrier according to
formula (I) above (or according to any of its subformulas
herein), may comprise as an additional component, prefer-
ably as a ligand L or as an amino acid component (AA), a
signal peptide, a localization signal or sequence or a nuclear
localization signal or sequence (NLS), which allows a trans-
localization of the inventive polymeric carrier according to
formula (1) above to a specific target, e.g. into the cell, into the
nucleus, into the endosomal compartiment, sequences for the
mitochondrial matrix, localisation sequences for the plasma
membrane, localisation sequences for the Golgi apparatus,
the nucleus, the cytoplasm and the cytosceleton, etc. Such a
signal peptide, localization signal or sequence or nuclear
localization signal may be used for the transport of any of the
herein defined nucleic acids, preferably an RNA or a DNA,
more preferably an shRNA or a pDNA, e.g. into the nucleus.
Without being limited thereto, such a signal peptide, local-
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ization signal or sequence or nuclear localization signal may
comprise, e.g., localisation sequences for the endoplasmic
reticulum. Particular localization signals or sequences or
nuclear localization signals may include e.g. KDEL (SEQ ID
NO: 326), DDEL (SEQ ID NO: 327), DEEL (SEQ ID NO:
328), QEDL (SEQ ID NO: 329), RDEL (SEQ ID NO: 330),
and GQNLSTSN (SEQ ID NO: 331), nuclear localisation
sequences, including PKKKRKYV (SEQ ID NO: 332), PQK-
KIKS (SEQ ID NO: 333), QPKKP (SEQ ID NO: 334),
RKKR (SEQ ID NO: 335), RKKRRQRRRAHQ (SEQ ID
NO: 336), RQARRNRRRRWRERQR (SEQ ID NO: 337),
MPLTRRRPAASQALAPPTP (SEQ ID NO: 338),
GAALTILV (SEQ ID NO: 339), and GAALTLLG (SEQ ID
NO: 340), localisation sequences for the endosomal compar-
timent, including MDDQRDLISNNEQLP (SEQ ID NO:
341), localisation sequences for the mitochondrial matrix,
including MLFNLRXXLNNAAFRHGHNFMVRN-
FRCGQPLX (SEQ ID NO: 342), localisation sequences for
the plasma membrane: GCVCSSNP (SEQ ID NO: 343),
GQTVTTPL (SEQ IDNO: 344), GQELSQHE (SEQ ID NO:
345), GNSPSYNP (SEQ ID NO: 346), GVSGSKGQ (SEQ
ID NO: 347), GQTITTPL (SEQ ID NO: 348), GQTLTTPL
(SEQ ID NO: 349), GQIFSRSA (SEQ ID NO: 350), GQIH-
GLSP (SEQ ID NO: 351), GARASVLS (SEQ ID NO: 352),
and GCTLSAEE (SEQ ID NO: 353), localisation sequences
for the endoplasmic reticulum and the nucleus, including
GAQVSSQK (SEQID NO: 354), and GAQLSRNT (SEQID
NO: 355), localisation sequences for the Golgi apparatus, the
nucleus, the cytoplasm and the cytosceleton, including
GNAAAAKK (SEQ ID NO: 356), localisation sequences for
the cytoplasm and cytosceleton, including GNEASYPL
(SEQ ID NO: 357), localisation sequences for the plasma
membrane and cytosceleton, including GSSKSKPK (SEQ ID
NO: 358), etc. Examples of secretory signal peptide
sequences as defined herein include, without being limited
thereto, signal sequences of classical or non-classical MHC-
molecules (e.g. signal sequences of MHC I and II molecules,
e.g. of the MHC class I molecule HLA-A*0201), signal
sequences of cytokines or immunoglobulines as defined
herein, signal sequences of the invariant chain of immuno-
globulines or antibodies as defined herein, signal sequences
of Lamp1, Tapasin, Erp57, Calretikulin, Calnexin, and fur-
ther membrane associated proteins or of proteins associated
with the endoplasmic reticulum (ER) or the endosomal-lyso-
somal compartiment. Particularly preferably, signal
sequences of MHC class I molecule HLA-A*0201 may be
used according to the present invention. Most preferably such
an additional component may occur as component L. as
defined herein. Alternatively, such an additional component
may also be bound e.g. to a component L, P*, P2, P? or (AA),
as defined herein, e.g. to a side chain of any of components L,
P!, P2, P? or (AA),, preferably via a side chain of component
P2, or optionally as a linker between components L and P* or
P? and L. The binding to any of components L, P*, P?, or P
may also be accomplished using an acid-labile bond, prefer-
ably via a side chain of any of components L, P, P?, P?, which
allows to detach or release the additional component at lower
pH-values, e.g. at physiological pH-values as defined herein.

Additionally, the inventive polymeric carrier according to
formula (I) above (or according to any of its subformulas
herein), may comprise further functional peptides or proteins
preferably as ligand or amino acid component (AA),, which
may modulate the functionality of the inventive polymeric
carrier accordingly. According to one alternative, such further
functional peptides or proteins may comprise so called cell
penetrating peptides (CPPs) or cationic peptides for transpor-
tation. Particularly preferred are CPPs, which induce a pH-

10

15

20

25

30

35

40

45

50

55

60

65

32

mediated conformational change in the endosome and lead to
an improved release of the inventive polymeric carrier (in
complex with a nucleic acid) from the endosome by insertion
into the lipid layer of the liposome. Such called cell penetrat-
ing peptides (CPPs) or cationic peptides for transportation,
may include, without being limited thereto protamine,
nucleoline, spermine or spermidine, poly-L-lysine (PLL),
basic polypeptides, poly-arginine, cell penetrating peptides
(CPPs), chimeric CPPs, such as Transportan, or MPG pep-
tides, HIV-binding peptides, Tat, HIV-1 Tat (HIV), Tat-de-
rived peptides, oligoarginines, members of the penetratin
family, e.g. Penetratin, Antennapedia-derived peptides (par-
ticularly from Drosophila antennapedia), pAntp, plsl, etc.,
antimicrobial-derived CPPs e.g. Buforin-2, Bac715-24,
SynB, SynB(1), pVEC, hCT-derived peptides, SAP, MAP,
KALA, PpTG20, Proline-rich peptides, Loligomers, Argin-
ine-rich peptides, Calcitonin-peptides, FGF, Lactoferrin,
poly-L-Lysine, poly-Arginine, histones, VP22 derived or
analog peptides, HSV, VP22 (Herpes simplex), MAP, KALA
or protein transduction domains (PTDs, PpT620, prolin-rich
peptides, arginine-rich peptides, lysine-rich peptides, Pep-1,
L-oligomers, Calcitonin peptide(s), etc. Likewise, such an
additional component may occur as component L or (AA), as
defined herein. Alternatively, such an additional component
may also be bound to a component L, P!, P?, P* or (AA), as
defined herein, e.g. to aside chain ofany of components L, P*,
P2, P2, or (AA), preferably via a side chain of component P2,
or optionally as a linker between components L and P* or P
and L. The binding to any of components L, P*, P*, P> or
(AA), may also be accomplished using an acid-labile bond,
preferably via a side chain of any of components L, P!, P? P?
or (AA), which allows to detach or release the additional
component at lower pH-values, e.g. at physiological pH-
values as defined herein. In this context it is particularly
preferred that this additional component occurs as ligand L or
as amino acid component (AA), of the repetitive component
[S—P*>—S], of formula (I).

According to a last alternative, the inventive polymeric
carrier according to formula (I) above (or according to any of
its subformulas herein), may comprise as an additional com-
ponent, preferably as amino acid component (AA),, any pep-
tide or protein which can execute any favorable function in
the cell. Particularly preferred are peptides or proteins
selected from therapeutically active proteins or peptides,
from antigens, e.g. tumour antigens, pathogenic antigens
(animal antigens, viral antigens, protozoal antigens, bacterial
antigens, allergic antigens), autoimmune antigens, or further
antigens, from allergens, from antibodies, from immuno-
stimulatory proteins or peptides, from antigen-specific T-cell
receptors, or from any other protein or peptide suitable for a
specific (therapeutic) application as defined below for coding
nucleic acids. Particularly preferred are peptide epitopes from
antigens as defined herein. Likewise, such an additional com-
ponent may occur preferably as (AA), as defined herein.
Alternatively, such an additional component may also be
bound to acomponent L, P*, P>, P?> or (AA), as defined herein,
e.g. to a side chain of any of components L, P*, P2, P?, or
(AA), preferably via a side chain of component P?, or option-
ally as a linker between components L and P* or P> and L. The
binding to any of components L, P*, P2, P> or (AA), may also
be accomplished using an acid-labile bond, preferably via a
side chain of any of components L, P!, P2, P? or (AA), which
allows to detach or release the additional component at lower
pH-values, e.g. at physiological pH-values as defined herein.
In this context it is particularly preferred that this additional
component occurs as amino acid component (AA), of the
repetitive component [S—P>—S],, of formula (T).
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The inventive polymeric carrier according to formula (I)
may comprise at least one of the above mentioned cationic or
polycationic peptides, proteins or polymers or further com-
ponents, e.g. (AA), wherein any of the above alternatives may
be combined with each other, and may be formed by poly-
merizing same in a polymerization condensation reaction via
their —SH-moieties.

The object underlying the present invention is furthermore
solved according to a second embodiment of the present
invention by the inventive polymeric carrier cargo complex
formed by the nucleic acid cargo and a polymeric carrier
molecule according to generic formula (I) L-P'—S—[S—
P>—S],—S—P>-L as defined herein (or according to any of
its subformulas as defined herein). This complex may also be
termed “complexed nucleic acid” for the purposes of the
present application.

In the inventive polymeric carrier cargo complex, the poly-
meric carrier molecule according to generic formula (I)
L-P'—S—[S—P> 8] —S—P3>L as defined herein (or
according to any of its subformulas herein) and the nucleic
acid cargo are typically provided in a molar ratio of about 5 to
10000, preferably in a molar ratio of about 5 to 5000, more
preferably in a molar ratio of about 5 to 2500, even more
preferably in a molar ratio of about 5 to 2000, and most
preferably in a molar ratio of about 5 to 1000 of inventive
polymeric carrier molecule: nucleic acid, or ina molar ratio of
about 50 to 1000 of inventive polymeric carrier molecule:
nucleic acid, e.g. in a molar ratio of about 10 to 5000, in a
molar ratio of about 20 to 2500, in a molar ratio of about 25 to
2000 of inventive polymeric carrier molecule:nucleic acid.

Furthermore, in the inventive polymeric carrier cargo com-
plex, the polymeric carrier molecule according to generic
formula (I) L-P—S—[S—P>—S],—S—P>L as defined
herein (or according to any of its subformulas herein) and the
nucleic acid cargo are preferably provided in an N/P-ratio of
about 0.1 to 20, preferably in an N/P-ratio of about 0.2 to 12,
and even more preferably in an N/P-ratio of about 0.4 to 10 or
0.6 t0 5. Inthis context, an N/P-ratio is defined as the nitrogen/
phosphate ratio (N/P-ratio) of the entire inventive polymeric
carrier cargo complex. This is typically illustrative for the
content/amount of peptides, if peptides are used, in the inven-
tive polymeric carrier and characteristic for the content/
amount of nucleic acids bound or complexed in the inventive
polymeric carrier cargo complex. It may be calculated on the
basis that, for example, 1 ug RNA typically contains about 3
nmol phosphate residues, provided that the RNA exhibits a
statistical distribution of bases. Additionally, 1 ng peptide
typically contains about x*1 ng/M (peptide) nmol nitrogen
residues, dependent on the molecular weight and the number
x of its (cationic) amino acids.

In the context of the present invention such a nucleic acid
cargo of the inventive polymeric carrier cargo complex
formed by the nucleic acid cargo and a polymeric carrier
molecule according to generic formula (I) (or according to
any of its subformulas herein) may be any suitable nucleic
acid, selected e.g. from any DNA, preferably, without being
limited thereto, e.g. genomic DNA, single-stranded DNA
molecules, double-stranded DNA molecules, coding DNA,
DNA primers, DNA probes, a pDNA, immunostimulating
DNA or may be selected e.g. from any PNA (peptide nucleic
acid) or may be selected e.g. from any RNA, preferably,
without being limited thereto, a coding RNA, a messenger
RNA (mRNA), an siRNA, an shRNA, an antisense RNA, or
riboswitches, immunostimulating RNA (isRNA) ribozymes
or aptamers; etc. The nucleic acid may also be a ribosomal
RNA (rRNA), a transfer RNA (tRNA), a messenger RNA
(mRNA), oraviral RNA (vVRNA). Preferably, the nucleic acid
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is RNA, more preferably a coding RNA. Even more prefer-
ably, the nucleic acid may be a (linear) single-stranded RNA,
even more preferably an mRNA. In the context of the present
invention, an mRNA is typically an RNA, which is composed
of'several structural elements, e.g. an optional 5'-UTR region,
an upstream positioned ribosomal binding site followed by a
coding region, an optional 3'-UTR region, which may be
followed by a poly-A tail (and/or a poly-C-tail). An mRNA
may occur as a mono-, di-, or even multicistronic RNA, i.e. an
RNA which carries the coding sequences of one, two or more
(identical or different) proteins or peptides as defined herein.
Such coding sequences in di-, or even multicistronic nRNA
may be separated by at least one IRES (internal ribosomal
entry site) sequence.

Furthermore, the nucleic acid of the inventive polymeric
carrier cargo complex formed by the nucleic acid cargo and a
polymeric carrier molecule according to generic formula (1)
(or according to any of its subformulas herein) may be a
single- or a double-stranded nucleic acid (molecule) (which
may also be regarded as a nucleic acid (molecule) due to
non-covalent association of two single-stranded nucleic
acid(s) (molecules)) or a partially double-stranded or par-
tially single stranded nucleic acid, which are at least partially
self complementary (both of these partially double-stranded
or partially single stranded nucleic acid molecules are typi-
cally formed by a longer and a shorter single-stranded nucleic
acid molecule or by two single stranded nucleic acid mol-
ecules, which are about equal in length, wherein one single-
stranded nucleic acid molecule is in part complementary to
the other single-stranded nucleic acid molecule and both thus
form a double-stranded nucleic acid molecule in this region,
i.e. a partially double-stranded or partially single stranded
nucleic acid (molecule). Preferably, the nucleic acid (mol-
ecule) may be a single-stranded nucleic acid molecule. Fur-
thermore, the nucleic acid (molecule) may be a circular or
linear nucleic acid molecule, preferably a linear nucleic acid
molecule.

Coding Nucleic Acids:

The nucleic acid molecule of the inventive polymeric car-
rier cargo complex may encode a protein or a peptide, which
may be selected, without being restricted thereto, e.g. from
therapeutically active proteins or peptides, selected e,g, from
adjuvant proteins, from antigens, e.g. tumour antigens, patho-
genic antigens (e.g. selected, from animal antigens, from viral
antigens, from protozoal antigens, from bacterial antigens),
allergenic antigens, autoimmune antigens, or further anti-
gens, from allergens, from antibodies, from immunostimula-
tory proteins or peptides, from antigen-specific T-cell recep-
tors, or from any other protein or peptide suitable for a
specific (therapeutic) application, wherein the coding nucleic
acid may be transported into a cell, a tissue or an organism and
the protein may be expressed subsequently in this cell, tissue
or organism.

The coding region of the nucleic acid molecule of the
inventive polymeric carrier cargo complex may occur as a
mono-, di-, or even multicistronic nucleic acid, i.e. a nucleic
acid which carries the coding sequences of one, two or more
proteins or peptides. Such coding sequences in di-, or even
multicistronic nucleic acids may be separated by at least one
internal ribosome entry site (IRES) sequence, or by signal
peptides which induce the cleavage of the resulting polypep-
tide which comprises several proteins or peptides.

In particular preferred aspects the encoded peptides or
proteins are selected from human, viral, bacterial, protozoan
proteins or peptides.

a) Therapeutically Active Proteins

In the context of the present invention, therapeutically

active proteins or peptides may be encoded by the
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nucleic acid molecule of the herein defined inventive
polymeric carrier cargo complex. Therapeutically active
proteins are defined herein as proteins which have an
effect on healing, prevent prophylactically or treat thera-
peutically a disease, preferably as defined herein, or are
proteins of which an individual is in need of. These may
be selected from any naturally or synthetically designed
occurring recombinant or isolated protein known to a
skilled person from the prior art. Without being
restricted thereto therapeutically active proteins may
comprise proteins, capable of stimulating or inhibiting
the signal transduction in the cell, e.g. cytokines, lym-
phokines, monokines, growth factors, receptors, signal
transduction molecules, transcription factors, etc; anti-
coagulants; antithrombins; antiallergic proteins; apop-
totic factors or apoptosis related proteins, therapeutic
active enzymes and any protein connected with any
acquired disease or any hereditary disease.

A therapeutically active protein, which may be encoded by

the nucleic acid molecule of the herein defined inventive
polymeric carrier cargo complex, may also be an adju-
vant protein. In this context, an adjuvant protein is pref-
erably to be understood as any protein, which is capable
to elicit an innate immune response as defined herein.
Preferably, such an innate immune response comprises
activation of a pattern recognition receptor, such as e.g.
a receptor selected from the Toll-like receptor (TLR)
family, including e.g. a Toll like receptor selected from
human TLR1 to TLR10 or from murine Toll like recep-
tors TLR1 to TLR13. More preferably, the adjuvant
protein is selected from human adjuvant proteins or from
pathogenic adjuvant proteins, selected from the group
consisting of, without being limited thereto, bacterial
proteins, protozoan proteins, viral proteins, or fungal
proteins, animal proteins, in particular from bacterial
adjuvant proteins. In addition, nucleic acids encoding
human proteins involved in adjuvant effects (e.g. ligands
of pattern recognition receptors, pattern recognition
receptors, proteins of the signal transduction pathways,
transcription factors or cytokines) may be used as well.

b) Antigens
The nucleic acid molecule of the herein defined inventive

polymeric carrier cargo complex may alternatively
encode an antigen. According to the present invention,
the term “antigen” refers to a substance which is recog-
nized by the immune system and is capable of triggering
an antigen-specific immune response, e.g. by formation
of antibodies or antigen-specific T-cells as part of an
adaptive immune response. In this context an antigenic
epitope, fragment or peptide of a protein means particu-
larly B cell and T cell epitopes which may be recognized
by B cells, antibodies or T cells respectively.

In the context of the present invention, antigens as encoded

by the nucleic acid molecule of the herein defined inven-
tive polymeric carrier cargo complex typically comprise
any antigen, antigenic epitope or antigenic peptide, fall-
ing under the above definition, more preferably protein
and peptide antigens, e.g. tumour antigens, allergenic
antigens, auto-immune self-antigens, pathogenic anti-
gens, etc. In particular antigens as encoded by the
nucleic acid molecule of the herein defined inventive
polymeric carrier cargo complex may be antigens gen-
erated outside the cell, more typically antigens not
derived from the host organism (e.g. a human) itself (i.e.
non-self antigens) but rather derived from host cells
outside the host organism, e.g. viral antigens, bacterial
antigens, fungal antigens, protozoological antigens, ani-
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mal antigens, allergenic antigens, etc. Allergenic anti-
gens (allergy antigens) are typically antigens, which
cause an allergy in a human and may be derived from
either a human or other sources. Additionally, antigens
as encoded by the nucleic acid molecule of the herein
defined inventive polymeric carrier cargo complex may
be furthermore antigens generated inside the cell, the
tissue or the body. Such antigens include antigens
derived from the host organism (e.g. a human) itself; e.g.
tumour antigens, self-antigens or auto-antigens, such as
auto-immune self-antigens, etc., butalso (non-self) anti-
gens as defined herein, which have been originally been
derived from host cells outside the host organism, but
which are fragmented or degraded inside the body, tissue
or cell, e.g. by (protease) degradation, metabolism, etc.

One class of antigens as encoded by the nucleic acid mol-

ecule of the herein defined inventive polymeric carrier
cargo complex comprises tumour antigens. ‘“Tumour
antigens™ are preferably located on the surface of the
(tumour) cell. Tumour antigens may also be selected
from proteins, which are overexpressed in tumour cells
compared to a normal cell. Furthermore, tumour anti-
gens also include antigens expressed in cells which are
(were) not themselves (or originally not themselves)
degenerated but are associated with the supposed
tumour. Antigens which are connected with tumour-
supplying vessels or (re)formation thereof; in particular
those antigens which are associated with neovascular-
ization, e.g. growth factors, such as VEGF, bFGF etc.,
are also included herein. Antigens connected with a
tumour furthermore include antigens from cells or tis-
sues, typically embedding the tumour. Further, some
substances (usually proteins or peptides) are expressed
in patients suffering (knowingly or not-knowingly) from
a cancer disease and they occur in increased concentra-
tions in the body fluids of said patients. These substances
are also referred to as “tumour antigens”, however they
are not antigens in the stringent meaning of an immune
response inducing substance. The class of tumour anti-
gens can be divided further into tumour-specific anti-
gens (TSAs) and tumour-associated-antigens (TAAs).
TSAs can only be presented by tumour cells and never
by normal “healthy” cells. They typically result from a
tumour specific mutation. TAAs, which are more com-
mon, are usually presented by both tumour and healthy
cells. These antigens are recognized and the antigen-
presenting cell can be destroyed by cytotoxic T cells.
Additionally, tumour antigens can also occur on the
surface of the tumour in the form of, e.g., a mutated
receptor. In this case, they can be recognized by antibod-
ies.

According to a preferred aspect, such tumor antigens as

encoded by the nucleic acid of the inventive polymeric
carrier cargo complex are selected from the group con-
sisting of 5T4,707-AP, 9D7, AFP, AlbZIP HPG1, alpha-
5-beta-1-integrin, alpha-5-beta-6-integrin, alpha-acti-
nin-4/m, alpha-methylacyl-coenzyme A racemase,
ART-4, ARTC1/m, B7H4, BAGE-1, BCL-2, ber/abl,
beta-catenin/m, BING-4, BRCA1l/m, BRCA2/m, CA
15-3/CA 27-29,CA 19-9, CA72-4, CA125, calreticulin,
CAMEL, CASP-8/m, cathepsin B, cathepsin L, CD19,
CD20, CD22, CD25, CDE30, CD33, CD4, CD52,
CD55, CD56, CD80, CDC27/m, CDK4/m, CDKN2A/
m, CEA, CLCA2, CML28, CML66, COA-1/m, coac-
tosin-like protein, collage XXIII, COX-2, CT-9/BRD6,
Cten, cyclin B1, cyclin D1, cyp-B, CYPB1, DAM-10,
DAM-6, DEK-CAN, EFTUD2/m, EGFR, ELF2/m,



US 9,314,535 B2

37

EMMPRIN, EpCam, EphA2, EphA3, ErbB3, ETV6-
AML1, EZH2, FGF-5, FN, Frau-1, G250, GAGE-1,
GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6,
GAGE7b, GAGE-8, GDEP, GnT-V, gpl00, GPC3,
GPNMB/m, HAGE, HAST-2, hepsin, Her2/neu, HERV-
K-MEL, HLA-A*0201-R171, HLA-A11/m, HLA-A2/
m, HNE, homeobox NKX3.1, HOM-TES-14/SCP-1,
HOM-TES-85, HPV-E6, HPV-E7, HSP70-2M, HST-2,
hTERT, iCE, IGF-1R, IL-13Ra2, IL-2R, IL-5, immature
laminin receptor, Kkallikrein-2, kallikrein-4, Ki67,
KIAA0205, KIAA0205/m, KK-LC-1, K-Ras/m,
LAGE-Al, LDLR-FUT, MAGE-Al, MAGE-A2,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9,
MAGE-A10, MAGE-A12, MAGE-B1, MAGE-B2,
MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6,
MAGE-B10, MAGE-B16, MAGE-B17, MAGE-CI,
MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2,
MAGE-D4, MAGE-El, MAGE-E2, MAGE-FI,
MAGE-H1, MAGEL2, mammaglobin A, MART-1/
melan-A, MART-2, MART-2/m, matrix protein 22,
MCIR, M-CSF, ME1/m, mesothelin, MG50/PXDN,
MMP11, MN/CA IX-antigen, MRP-3, MUC-1, MUC-
2, MUM-1/m, MUM-2/m, MUM-3/m, myosin class
I/m, NAS8-A, N-acetylglucosaminyltransferase-V,
Neo-PAP, Neo-PAP/m, NFYC/m, NGEP, NMP22,
NPM/ALK, N-Ras/m, NSE, NY-ESO-1, NY-ESO-B,
OA1l, OFA-ILRP, OGT, OGT/m, 0OS-9, OS-9/m, osteo-
calcin, osteopontin, p15, p190 minor ber-abl, p53, p53/
m, PAGE-4, PAI-1, PAI-2, PART-1, PATE, PDEF, Pim-
1-Kinase, Pin-1, Pml/PARalpha, POTE, PRAME,
PRDX5/m, prostein, proteinase-3, PSA, PSCA, PSGR,
PSM, PSMA, PTPRK/m, RAGE-1, RBAF600/m,
RHAMM/CDI168, RU1, RU2, S-100, SAGE, SART-1,
SART-2, SART-3, SCC, SIRT2/m, Sp17, SSX-1, SSX-
2/HOM-MEL-40, SSX-4, STAMP-1, STEAP, survivin,
survivin-2B, SYT-SSX-1, SYT-SSX-2, TA-90, TAG-72,
TARP, TEL-AMLI1, TGFbeta, TGFbetaRIl, TGM-4,
TPl/m, TRAG-3, TRG, TRP-1, TRP-2/6b, TRP/INT2,
TRP-p8, tyrosinase, UPA, VEGF, VEGFR-2/FLK-1,
and WT1, or a fragment, variant or epitope thereof.
Epitopes typically comprise 5 to 15, preferably 5 to 12,
more preferably 6 to 9 amino acids of the antigen, pref-
erably in its native form.

According to another alternative, one further class of anti-

gens as encoded by the nucleic acid molecule of the
herein defined inventive polymeric carrier cargo com-
plex comprises allergenic antigens. Such allergenic anti-
gens may be selected from antigens derived from differ-
ent sources, e.g. from animals, plants, fungi, bacteria,
etc. Allergens in this context include e.g. grasses, pol-
lens, molds, drugs, or numerous environmental triggers,
etc. Allergenic antigens typically belong to different
classes of compounds, such as nucleic acids and their
fragments, proteins or peptides and their fragments, car-
bohydrates, polysaccharides, sugars, lipids, phospholip-
ids, etc. Of particular interest in the context of the
present invention are antigens, which may be encoded
by the nucleic acid molecule of the inventive polymeric
carrier cargo complex, i.e. protein or peptide antigens
and their fragments or epitopes, or nucleic acids and
their fragments, particularly nucleic acids and their frag-
ments, encoding such protein or peptide antigens and
their fragments or epitopes.

¢) Antibodies
According to a further alternative, the nucleic acid mol-

ecule of the herein defined inventive polymeric carrier
cargo complex may encode an antibody or an antibody
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fragment. According to the present invention, such an
antibody may be selected from any antibody, e.g. any
recombinantly produced or naturally occurring antibod-
ies, known in the art, in particular antibodies suitable for
therapeutic, diagnostic or scientific purposes, or anti-
bodies which have been identified in relation to specific
cancer diseases. Herein, the term “antibody” is used in
its broadest sense and specifically covers monoclonal
and polyclonal antibodies (including agonist, antago-
nist, and blocking or neutralizing antibodies) and anti-
body species with polyepitopic specificity. According to
the invention, the term “antibody” typically comprises
any antibody known in the art (e.g. IgM, IgD, IgG, IgA
and IgE antibodies), such as naturally occurring anti-
bodies, antibodies generated by immunization in a host
organism, antibodies which were isolated and identified
from naturally occurring antibodies or antibodies gen-
erated by immunization in a host organism and recom-
binantly produced by biomolecular methods known in
the art, as well as chimeric antibodies, human antibod-
ies, humanized antibodies, bispecific antibodies, intra-
bodies, i.e. antibodies expressed in cells and optionally
localized in specific cell compartments, and fragments
and variants of the aforementioned antibodies. In gen-
eral, an antibody consists of a light chain and a heavy
chain both having variable and constant domains. The
light chain consists of an N-terminal variable domain,
V;, and a C-terminal constant domain, C;. In contrast,
the heavy chain of the IgG antibody, for example, is
comprised of an N-terminal variable domain, V, and
three constant domains, C,1, C,2 and C.3.

In the context of the present invention, antibodies as
encoded by the nucleic acid molecule of the herein
defined inventive polymeric carrier cargo complex may
preferably comprise full-length antibodies, i.e. antibod-
ies composed of the full heavy and full light chains, as
described above. However, derivatives of antibodies
such as antibody fragments, variants or adducts may also
be encoded by the nucleic acid molecule of the herein
defined inventive polymeric carrier cargo complex.
Antibody fragments are preferably selected from Fab,
Fab', F(ab'),, Fc, Facb, pFc¢', Fd and Fv fragments of the
aforementioned (full-length) antibodies. In general,
antibody fragments are known in the art. For example, a
Fab (“fragment, antigen binding”) fragment is com-
posed of one constant and one variable domain of each
of the heavy and the light chain. The two variable
domains bind the epitope on specific antigens. The two
chains are connected via a disulfide linkage. A scFv
(“single chain variable fragment”) fragment, for
example, typically consists of the variable domains of
the light and heavy chains. The domains are linked by an
artificial linkage, in general a polypeptide linkage such
as a peptide composed of 15-25 glycine, proline and/or
serine residues.

In the present context it is preferable that the different
chains of the antibody or antibody fragment are encoded
by a multicistronic nucleic acid molecule. Alternatively,
the different strains of the antibody or antibody fragment
are encoded by several monocistronic nucleic acid(s)
(sequences).

siRNA:

According to a further alternative, the nucleic acid of the
inventive polymeric carrier cargo complex formed by the
nucleic acid cargo and a polymeric carrier molecule accord-
ing to generic formula (I) (or according to any of its subfor-
mulas herein) may be in the form of dsRNA, preferably
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siRNA. A dsRNA, or a siRNA, is of interest particularly in
connection with the phenomenon of RNA interference. The in
vitro technique of RNA interference (RNAi) is based on
double-stranded RNA molecules (dsRNA), which trigger the
sequence-specific suppression of gene expression (Zamore
(2001) Nat. Struct. Biol. 9: 746-750; Sharp (2001) Genes
Dev. 5:485-490: Hannon (2002) Nature 41: 244-251). In the
transfection of mammalian cells with long dsRNA, the acti-
vation of protein kinase R and RnaseL. brings about unspecific
effects, such as, for example, an interferon response (Stark et
al. (1998) Annu. Rev. Biochem. 67: 227-264; He and Katze
(2002) Viral Immunol. 15: 95-119). These unspecific effects
are avoided when shorter, for example 21- to 23-mer, so-
called siRNA (small interfering RNA), is used, because
unspecific effects are not triggered by siRNA that is shorter
than 30 bp (Elbashir et al. (2001) Nature 411: 494-498).

The nucleic acid of the inventive polymeric carrier cargo
complex may thus be a double-stranded RNA (dsRNA) hav-
ing a length of from 17 to 29, preferably from 19 to 25, and
preferably being at least 90%, more preferably 95% and
especially 100% (of the nucleotides of a dsRNA) comple-
mentary to a section of the nucleic acid sequence of a (thera-
peutically relevant) protein or antigen described (as active
ingredient) hereinbefore, either a coding or a non-coding
section, preferably a coding section. 90% complementary
means that with a length of a dsRNA described herein of, for
example, 20 nucleotides, this contains not more than 2 nucle-
otides without corresponding complementarity with the cor-
responding section of the mRNA. The sequence of the
double-stranded RNA used according to the invention as the
nucleic acid of the inventive polymeric carrier cargo complex
is, however, preferably wholly complementary in its general
structure with a section of the nucleic acid of a therapeutically
relevant protein or antigen described hereinbefore. In this
context the nucleic acid of the inventive polymeric carrier
cargo complex formed by the nucleic acid cargo and a poly-
meric carrier molecule according to generic formula (I) may
be a dsRNA having the general structure 5'-(N ,_,,)-3', pref-
erably having the general structure 5'-(N 4 ,5)-3', more pref-
erably having the general structure 5'-(N, 5 ,4)-3', or yet more
preferably having the general structure 5'-(N,; ,5)-3',
wherein for each general structure each N is a (preferably
different) nucleotide of a section of the mRNA of a therapeu-
tically relevant protein or antigen described hereinbefore,
preferably being selected from a continuous number of 17 to
29 nucleotides of the mRNA of a therapeutically relevant
protein or antigen and being present in the general structure
5'-(N,7.,5)-3" in their natural order. In principle, all the sec-
tions having a length of from 17 to 29, preferably from 19 to
25, base pairs that occur in the coding region of the mRNA
can serve as target sequence for a dsRNA herein. Equally,
dsRNAs used as nucleic acid of the inventive polymeric car-
rier cargo complex can also be directed against nucleotide
sequences of a (therapeutically relevant) protein or antigen
described (as active ingredient) hereinbefore that do not lie in
the coding region, in particular in the 5' non-coding region of
the mRNA, for example, therefore, against non-coding
regions of the mRNA having a regulatory function. The target
sequence of the dsRNA used as nucleic acid of the inventive
polymeric carrier cargo complex can therefore lie in the trans-
lated and untranslated region of the mRNA and/or in the
region of the control elements of a protein or antigen
described hereinbefore. The target sequence of a dsRNA used
as nucleic acid of the inventive polymeric carrier cargo com-
plex can also lie in the overlapping region of untranslated and
translated sequence; in particular, the target sequence can
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comprise at least one nucleotide upstream of the start triplet of
the coding region of the mRNA.

Immunostimulatory Nucleic Acids:

a) Immunostimulatory CpG Nucleic Acids:

According to another alternative, the nucleic acid of the
inventive polymeric carrier cargo complex formed by
the nucleic acid cargo and a polymeric carrier molecule
according to generic formula (I) (or according to any of
its subformulas herein) may be in the form of a a(n)
(immunostimulatory) CpG nucleic acid, in particular
CpG-RNA or CpG-DNA, which preferably induces an
innate immune response. A CpG-RNA or CpG-DNA
used according to the invention can be a single-stranded
CpG-DNA (ss CpG-DNA), a double-stranded CpG-
DNA (dsDNA), a single-stranded CpG-RNA (ss CpG-
RNA) or a double-stranded CpG-RNA (ds CpG-RNA).
The CpG nucleic acid used according to the invention is
preferably in the form of CpG-RNA, more preferably in
the form of single-stranded CpG-RNA (ss CpG-RNA).
Also preferably, such CpG nucleic acids have a length as
described above. Preferably the CpG motifs are unm-
ethylated.

b) Immunostimulatory RNA (isRNA):

Likewise, according to a further alternative, the nucleic
acid of the inventive polymeric carrier cargo complex
formed by the nucleic acid cargo and a polymeric carrier
molecule according to generic formula (I) (or according
to any of its subformulas herein) may be in the form of a
of an immunostimulatory RNA (isRNA), which prefer-
ably elicits an innate immune response. Such an immu-
nostimulatory RNA may be any (double-stranded or
single-stranded) RNA, e.g. a coding RNA, as defined
herein. Preferably, the immunostimulatory RNA may be
a single-stranded, a double-stranded or a partially
double-stranded RNA, more preferably a single-
stranded RNA, and/or a circular or linear RNA, more
preferably a linear RNA. More preferably, the immuno-
stimulatory RNA may be a (linear) single-stranded
RNA. Even more preferably, the immunostimulatory
RNA may be a (long) (linear) single-stranded) non-cod-
ing RNA. In this context it is particular preferred that the
isSRNA carries a triphosphate at its 5'-end which is the
case for in vitro transcribed RNA. An immunostimula-
tory RNA may also occur as a short RNA oligonucle-
otide as defined herein. An immunostimulatory RNA as
used herein may furthermore be selected from any class
of RNA molecules, found in nature or being prepared
synthetically, and which can induce an innate immune
response and may support an adaptive immune response
induced by an antigen. In this context, an immune
response may occur in various ways. A substantial factor
for a suitable (adaptive) immune response is the stimu-
lation of different T-cell sub-populations. T-lympho-
cytes are typically divided into two sub-populations, the
T-helper 1 (Thl) cells and the T-helper 2 (Th2) cells,
with which the immune system is capable of destroying
intracellular (Thl) and extracellular (Th2) pathogens
(e.g. antigens). The two Th cell populations differ in the
pattern of the effector proteins (cytokines) produced by
them. Thus, Thl cells assist the cellular immune
response by activation of macrophages and cytotoxic
T-cells. Th2 cells, on the other hand, promote the
humoral immune response by stimulation of B-cells for
conversion into plasma cells and by formation of anti-
bodies (e.g. against antigens). The Th1/Th2 ratio is
therefore of great importance in the induction and main-
tenance of an adaptive immune response. In connection



US 9,314,535 B2

41

with the present invention, the Th1/Th2 ratio of the
(adaptive) immune response is preferably shifted in the
direction towards the cellular response (Thl response)
and a cellular immune response is thereby induced.
According to one example, the innate immune system
which may support an adaptive immune response, may
be activated by ligands of Toll-like receptors (TLRs).
TLRs are a family of highly conserved pattern recogni-
tion receptor (PRR) polypeptides that recognize patho-
gen-associated molecular patterns (PAMPs) and play a
critical role in innate immunity in mammals. Currently
at least thirteen family members, designated TLR1
TLR13 (Toll-like receptors: TLR1, TLR2, TL.R3, TLR4,
TLRS5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11,
TLR12 or TLR13), have been identified. Furthermore, a
number of specific TLR ligands have been identified. It
was e.g. found that unmethylated bacterial DNA and
synthetic analogs thereof (CpG DNA) are ligands for
TLRY (Hemmi H et al. (2000) Nature 408:740-5; Bauer
S et al. (2001) Proc NatlAcadSci USA 98, 9237-42).
Furthermore, it has been reported that ligands for certain
TLRs include certain nucleic acid molecules and that
certain types of RNA are immunostimulatory in a
sequence-independent or sequence-dependent manner,
wherein these various immunostimulatory RNAs may
e.g. stimulate TLR3, TLR7, or TLRS, or intracellular
receptors such as RIG-I, MDA-5, etc. E.g. Lipford et al.
determined certain G,U-containing oligoribonucle-
otides as immunostimulatory by acting via TLR7 and
TLR8 (see WO 03/086280). The immunostimulatory
G,U-containing oligoribonucleotides described by Lip-
ford et al. were believed to be derivable from RNA
sources including ribosomal RNA, transfer RNA, mes-
senger RNA, and viral RNA.

The immunostimulatory RNA (isRNA) used as the nucleic
acid molecule of the inventive polymeric carrier cargo
complex formed by the nucleic acid cargo and a poly-
meric carrier molecule according to generic formula (1)
(or according to any of its subformulas herein) may thus
comprise any RNA sequence known to be immuno-
stimulatory, including, without being limited thereto,
RNA sequences representing and/or encoding ligands of
TLRs, preferably selected from human family members
TLR1TLR10 or murine family members TLR1 TLR13,
more preferably selected from (human) family members
TLR1 TLR10, even more preferably from TLR7 and
TLRS, ligands for intracellular receptors for RNA (such
as RIG-1 or MDA-5, etc.) (see e.g. Meylan, E., Tschopp,
J. (2006). Toll-like receptors and RNA helicases: two
parallel ways to trigger antiviral responses. Mol. Cell 22,
561-569), or any other immunostimulatory RNA
sequence. Furthermore, (classes of) immunostimulatory
RNA molecules, used as the nucleic acid molecule of the
inventive polymeric carrier cargo complex may include
any other RNA capable of eliciting an immune response.
Without being limited thereto, such an immunostimula-
tory RNA may include ribosomal RNA (rRNA), transfer
RNA (tRNA), messenger RNA (mRNA), and viral RNA
(VRNA). Such an immunostimulatory RNA may com-
prise a length of 1000 to 5000, of 500 to 5000, of 5 to
5000, or of 5 to 1000, 5 to 500, 5 to 250, of 5 to 100, of
510 50 or of 5 to 30 nucleotides.

According to a particularly preferred aspect of this
embodiment of the present invention, such immuno-
stimulatory nucleic acid sequences particularly isRNA
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consist of or comprise a nucleic acid of formula (III) or
Iv):

GX,G,, (formula (III))

wherein:
G is guanosine, uracil or an analogue of guanosine or
uracil;
X is guanosine, uracil, adenosine, thymidine, cytosine or
an analogue of the above-mentioned nucleotides;
1is an integer from 1 to 40,
wherein
when I=1 G is guanosine or an analogue thereof,
when I>1 at least 50% of the nucleotides are guanosine
or an analogue thereof;
m is an integer and is at least 3;
wherein
when m=3 X is uracil or an analogue thereof,
when m>3 at least 3 successive uracils or analogues of
uracil occur;
n is an integer from 1 to 40,
wherein
when n=1 G is guanosine or an analogue thereof,
when n>1 at least 50% of the nucleotides are guanosine
or an analogue thereof.

CX,.C,, (formula (IV))

wherein:

C is cytosine, uracil or an analogue of cytosine or uracil;

X is guanosine, uracil, adenosine, thymidine, cytosine or

an analogue of the above-mentioned nucleotides;

1is an integer from 1 to 40,

wherein
when 1=1 C is cytosine or an analogue thereof,
when 1>1 at least 50% of the nucleotides are cytosine or
an analogue thereof;
m is an integer and is at least 3;

wherein

when m=3 X is uracil or an analogue thereof,

when m>3 at least 3 successive uracils or analogues of

uracil occur;
n is an integer from 1 to 40,

wherein

when n=1 C is cytosine or an analogue thereof,

when n>1 at least 50% of the nucleotides are cytosine or an

analogue thereof.

The nucleic acids of formula (III) or (IV), which may be
used as the nucleic acid cargo of the inventive polymeric
carrier cargo complex may be relatively short nucleic acid
molecules with a typical length of approximately from 5 to
100 (but may also be longer than 100 nucleotides for specific
embodiments, e.g. up to 200 nucleotides), from 5 to 90 or
from 5 to 80 nucleotides, preferably a length of approxi-
mately from 5 to 70, more preferably a length of approxi-
mately from 8 to 60 and, more preferably a length of approxi-
mately from 15 to 60 nucleotides, more preferably from 20 to
60, most preferably from 30 to 60 nucleotides. If the nucleic
acid of the inventive nucleic acid cargo complex has a maxi-
mum length of e.g. 100 nucleotides, m will typically be <=98.
The number of nucleotides G in the nucleic acid of formula
(IIT) is determined by 1 or n. 1 and n, independently of one
another, are each an integer from 1 to 40, wherein when 1 or
n=1 G is guanosine or an analogue thereof, and when 1 or n>1
at least 50% of the nucleotides are guanosine or an analogue
thereof. For example, without implying any limitation, when
1 or n=4 G, or G,, can be, for example, a GUGU, GGUU,
UGUG, UUGG, GUUG, GGGU, GGUG, GUGG, UGGG or
GGGQG, ete.; when 1 or n=5 G, or G,, can be, for example, a



US 9,314,535 B2

43

GGGUU, GGUGU, GUGGU, UGGGU, UGGUG, UGUGG,
UUGGG, GUGUG, GGGGU, GGGUG, GGUGG, GUGGG,
UGGGG, or GGGGQG, ete.; etc. A nucleotide adjacent to X,
in the nucleic acid of formula (III) according to the invention
is preferably not a uracil. Similarly, the number of nucleotides
C in the nucleic acid of formula (IV) according to the inven-
tion is determined by 1 or n. 1 and n, independently of one
another, are each an integer from 1 to 40, wherein when 1 or
n=1 Cis cytosine or an analogue thereof, and when 1 orn>1 at
least 50% of the nucleotides are cytosine or an analogue
thereof. For example, without implying any limitation, when
1 or n=4, C, or C, can be, for example, a CUCU, CCUU,
UCUC, UUCC, CUUC, CCCU, CCUC, CUCC, UCCC or
CCCC, etc.; when 1 or n=5 C, or C,, can be, for example, a
CCCUU, CCUCU, CUCCU, UCCCU, UCCUC, UCUCC,
UUCCC, CUCUC, CCCCU, CCCUC, CCUCC, CUCCC,
UCCCC, or CCCCC, etc.; etc. A nucleotide adjacent to X, in
the nucleic acid of formula (IV) according to the invention is
preferably not a uracil. Preferably, for formula (IIT), when 1 or
n>1, at least 60%, 70%, 80%, 90% or even 100% of the
nucleotides are guanosine or an analogue thereof, as defined
above. The remaining nucleotides to 100% (when guanosine
constitutes less than 100% of the nucleotides) in the flanking
sequences G, and/or G,, are uracil or an analogue thereof, as
defined hereinbefore. Also preferably, 1 and n, independently
of one another, are each an integer from 2 to 30, more pref-
erably an integer from 2 to 20 and yet more preferably an
integer from 2 to 15. The lower limit of 1 or n can be varied if
necessary and is at least 1, preferably at least 2, more prefer-
ably at least 3, 4, 5, 6, 7, 8, 9 or 10. This definition applies
correspondingly to formula (IV).

According to a further particularly preferred aspect of this
embodiment, such immunostimulatory nucleic acid
sequences particularly iSRNA consist of or comprise a
nucleic acid of formula (V) or (VI):

(NGX,GuN,)a (formula (V))

wherein:

G is guanosine (guanine), uridine (uracil) or an analogue of
guanosine (guanine) or uridine (uracil), preferably gua-
nosine (guanine) or an analogue thereof;

X is guanosine (guanine), uridine (uracil), adenosine (ad-
enine), thymidine (thymine), cytidine (cytosine), or an ana-
logue of these nucleotides (nucleosides), preferably uri-
dine (uracil) or an analogue thereof;

N is a nucleic acid sequence having a length of about 4 to 50,
preferably of about 4 to 40, more preferably of about4to 30
or 4 to 20 nucleic acids, each N independently being
selected from guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine (cy-
tosine) or an analogue of these nucleotides (nucleosides);

a is an integer from 1 to 20, preferably from 1 to 15, most
preferably from 1 to 10;

lis an integer from 1 to 40,
wherein when 1=1, G is guanosine (guanine) or an analogue

thereof,

when 1>1, at least 50% of these nucleotides (nucleo-
sides) are guanosine (guanine) or an analogue

thereof;

m is an integer and is at least 3;
wherein when m=3, X is uridine (uracil) or an analogue

thereof, and
when m>3, at least 3 successive uridines (uracils) or
analogues of uridine (uracil) occur;

n is an integer from 1 to 40,
wherein when n=1, G is guanosine (guanine) or an ana-

logue thereof,
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when n>1, at least 50% of these nucleotides (nucleo-
sides) are guanosine (guanine) or an analogue
thereof;
u,v may be independently from each other an integer from 0
to 50,
preferably wherein when u=0, vz=1, or
when v=0, uz1;
wherein the nucleic acid molecule of formula (V) has a
length of at least 50 nucleotides, preferably of at least 100
nucleotides, more preferably of at least 150 nucleotides, even
more preferably of at least 200 nucleotides and most prefer-
ably of at least 250 nucleotides.

(N.CX,.C,N,), (formula (VI))

wherein:

C is cytidine (cytosine), uridine (uracil) or an analogue of
cytidine (cytosine) or uridine (uracil), preferably cytidine
(cytosine) or an analogue thereof;

X is guanosine (guanine), uridine (uracil), adenosine (ad-
enine), thymidine (thymine), cytidine (cytosine) or an ana-
logue of the above-mentioned nucleotides (nucleosides),
preferably uridine (uracil) or an analogue thereof;

N is each a nucleic acid sequence having independent from
each other a length of about 4 to 50, preferably of about 4
to 40, more preferably of about 4 to 30 or 4 to 20 nucleic
acids, each N independently being selected from gua-
nosine (guanine), uridine (uracil), adenosine (adenine),
thymidine (thymine), cytidine (cytosine) or an analogue of
these nucleotides (nucleosides);

a is an integer from 1 to 20, preferably from 1 to 15, most
preferably from 1 to 10;

1is an integer from 1 to 40,
wherein when =1, C is cytidine (cytosine) or an analogue

thereof,

when 1>1, at least 50% of these nucleotides (nucleo-
sides) are cytidine (cytosine) or an analogue

thereof;

m is an integer and is at least 3;
wherein when m=3, X is uridine (uracil) or an analogue

thereof,
when m>3, at least 3 successive uridines (uracils) or
analogues of uridine (uracil) occur;

n is an integer from 1 to 40,
wherein when n=1, C is cytidine (cytosine) or an analogue

thereof,

when n>1, at least 50% of these nucleotides (nucleo-
sides) are cytidine (cytosine) or an analogue

thereof.

u, v may be independently from each other an integer from O
to 50,
preferably wherein when u=0, vz=1, or

when v=0, uz1;
wherein the nucleic acid molecule of formula (VI) accord-
ing to the invention has a length of at least 50 nucleotides,
preferably of at least 100 nucleotides, more preferably of at

least 150 nucleotides, even more preferably of at least 200

nucleotides and most preferably of at least 250 nucleotides.
For formula (VI), any of the definitions given above for

elements N (i.e. N,,and N,) and X (X,,), particularly the core

structure as defined above, as well as for integers a, 1, m, n,u

and v, similarly apply to elements of formula (V) correspond-

ingly, wherein in formula (VI) the core structure is defined by

C,X,,C,,. The definition of bordering elements N, and N, is

identical to the definitions given above for N, and N,..
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According to a very particularly preferred aspect of this
embodiment, the inventive nucleic acid molecule according
to formula (V) may be selected from e.g. any of the following
sequences:

(SEQ ID NO: 359)
UAGCGAAGCUCUUGGACCUAGGUUUUUUUUUUUUUUUGGGUGCGUUCC

UAGAAGUACACG

(SEQ ID NO: 360)
UAGCGAAGCUCUUGGACCUAGGUUUUUUUUUUUUUUUGGGUGCGUUCC

UAGAAGUACACGAUCGCUUCGAGAACCUGGAUCCAAAAAAAAARNADAA
ACCCACGCAAGGAUCUUCAUGUGC

(SEQ ID NO: 361)
GGGAGAAAGCUCAAGCUUGGAGCAAUGCCCGCACAUUGAGGAAACCGA

GUUGCAUAUCUCAGAGUAUUGGCCCCCGUGUAGGUUAUUCUUGACAGA
CAGUGGAGCUUAUUCACUCCCAGGAUCCGAGUCGCAUACUACGGUACU
GGUGACAGACCUAGGUCGUCAGUUGACCAGUCCGCCACUAGACGUGAG
UCCGUCAAAGCAGUUAGAUGUUACACUCUAUUAGAUC

(SEQ ID NO: 362)
GGGAGAAAGCUCAAGCUUGGAGCAAUGCCCGCACAUUGAGGAAACCGA

GUUGCAUAUCUCAGAGUAUUGGCCCCCGUGUAGGUUAUUCUUGACAGA
CAGUGGAGCUUAUUCACUCCCAGGAUCCGAGUCGCAUACUACGGUACU
GGUGACAGACCUAGGUCGUCAGUUGACCAGUCCGCCACUAGACGUGAG
UCCGUCAAAGCAGUUAGAUGUUACACUCUAUUAGAUCUCGGAUUACAG
CUGGAAGGAGCAGGAGUAGUGUUCUUGCUCUAAGUACCGAGUGUGCCC
AAUACCCGAUCAGCUUAUUAACGAACGGCUCCUCCUCUUAGACUGCAG
CGUAAGUGCGGAAUCUGGGGAUCAAAUUACUGACUGCCUGGAUUACCC
UCGGACAUAUAACCUUGUAGCACGCUGUUGCUGUAUAGGUGACCAACG
CCCACUCGAGUAGACCAGCUCUCUUAGUCCGGACAAUGAUAGGAGGCG
CGGUCAAUCUACUUCUGGCUAGUUAAGAAUAGGCUGCACCGACCUCUA
UAAGUAGCGUGUCCUCUAG

(SEQ ID NO: 363)
GGGAGAAAGCUCAAGCUUGGAGCAAUGCCCGCACAUUGAGGAAACCGA

GUUGCAUAUCUCAGAGUAUUGGCCCCCGUGUAGGUUAUUCUUGACAGA
CAGUGGAGCUUAUUCACUCCCAGGAUCCGAGUCGCAUACUACGGUACU
GGUGACAGACCUAGGUCGUCAGUUGACCAGUCCGCCACUAGACGUGAG
UCCGUCAAAGCAGUUAGAUGUUACACUCUAUUAGAUCUCGGAUUACAG
CUGGAAGGAGCAGGAGUAGUGUUCUUGCUCUAAGUACCGAGUGUGCCC
AAUACCCGAUCAGCUUAUUAACGAACGGCUCCUCCUCUUAGACUGCAG
CGUAAGUGCGGAAUCUGGGGAUCAAAUUACUGACUGCCUGGAUUACCC
UCGGACAUAUAACCUUGUAGCACGCUGUUGCUGUAUAGGUGACCAACG
CCCACUCGAGUAGACCAGCUCUCUUAGUCCGGACAAUGAUAGGAGGCG
CGGUCAAUCUACUUCUGGCUAGUUAAGAAUAGGCUGCACCGACCUCUA
UAAGUAGCGUGUCCUCUAGAGCUACGCAGGUUCGCAAUAAAAGCGUUG

AUUAGUGUGCAUAGAACAGACCUCUUAUUCGGUGAAACGCCAGAAUGC
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-continued
UAAAUUCCAAUAACUCUUCCCAARACGCGUACGGCCGAAGACGCGCGT

UUAUCUUGUGUACGUUCUCGCACAUGGAAGAAUCAGCGGGCAUGGUGG
UAGGGCAAUAGGGGAGCUGGGUAGCAGCGAAAAAGGGCCCCUGCGCAC
GUAGCUUCGCUGUUCGUCUGAAACAACCCGGCAUCCGUUGUAGCGAUC
CCGUUAUCAGUGUUAUUCUUGUGCGCACUAAGAUUCAUGGUGUAGUCG
ACAAUAACAGCGUCUUGGCAGAUUCUGGUCACGUGCCCUAUGCCCGGG
CUUGUGCCUCUCAGGUGCACAGCGAUACUUAAAGCCUUCAAGGUACUC
GACGUGGGUACCGAUUCGUGACACUUCCUAAGAUUAUUCCACUGUGUU
AGCCCCGCACCGCCGACCUAAACUGGUCCAAUGUAUACGCAUUCGCUG
AGCGGAUCGAUAAUAAAAGCUUGAAUU

(SEQ ID NO: 364)
GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGU

AGCCGGUAUUUUUUUUUUUUUUUUUUUUUUGACCGUCUCAAGGUCCAA

GUUAGUCUGCCUAUAAAGGUGCGGAUCCACAGCUGAUGAAAGACUUGU

GCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUAAAU
GCGUCUACUGAAUCCAGCGAUGAUGCUGGCCCAGAUC

(R 722 SEQ ID NO: 365)
GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGU

AGCCGGUAUUUUUUUUUUUUUUUUUUUUUUGACCGUCUCAAGGUCCAA

GUUAGUCUGCCUAUAAAGGUGCGGAUCCACAGCUGAUGAAAGACUUGU

GCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUAAAU

GCGUCUACUGAAUCCAGCGAUGAUGCUGGCCCAGAUCUUCGACCACAA

GUGCAUAUAGUAGUCAUCGAGGGUCGCCUUUUUUUUUUUUUTUUUUUUU

UUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAGCUGCAG

UAGUAACCACUGCGGCUAUUGCAGGAAAUCCCGUUCAGGUUUUUUUUU

UUUUUUUUUUUUCCGCUCACUAUGAUUAAGAACCAGGUGGAGUGUCAC

UGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUCCUUGGAAGAAUC

UUUUUUUUUUUUUUUUUUUUUUGUGCGACGAUCACAGAGAACUUCUAU
UCAUGCAGGUCUGCUCUA

(SEQ ID NO: 366)
GGGAGAAAGCUCAAGCUUAUCCAAGUAGGCUGGUCACCUGUACAACGU

AGCCGGUAUUUUUUUUUUUUUUUUUUUUUUGACCGUCUCAAGGUCCAA

GUUAGUCUGCCUAUAAAGGUGCGGAUCCACAGCUGAUGAAAGACUUGU

GCGGUACGGUUAAUCUCCCCUUUUUUUUUUUUUUUUUUUUUAGUAAAU

GCGUCUACUGAAUCCAGCGAUGAUGCUGGCCCAGAUCUUCGACCACAA

GUGCAUAUAGUAGUCAUCGAGGGUCGCCUUUUUUUUUUUUUTUUUUUUU

UUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAGCUGCAG

UAGUAACCACUGCGGCUAUUGCAGGAAAUCCCGUUCAGGUUUUUUUUU

UUUUUUUUUUUUCCGCUCACUAUGAUUAAGAACCAGGUGGAGUGUCAC

UGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUCCUUGGAAGAAUC

UUUUUUUUUUUUUUUUUUUUUUGUGCGACGAUCACAGAGAACUUCUAU

UCAUGCAGGUCUGCUCUAGAACGAACUGACCUGACGCCUGAACUUAUG
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-continued
AGCGUGCGUAUUUUUUUUUUUUUUUUUUUUUUUCCUCCCAACARAUGU

CGAUCAAUAGCUGGGCUGUUGGAGACGCGUCAGCAAAUGCCGUGGCUC

CAUAGGACGUGUAGACUUCUAUUUUUUUUUUUUUUUUUUUUUCCCGGG

ACCACAAAUAAUAUUCUUGCUUGGUUGGGCGCAAGGGCCCCGUAUCAG

GUCAUAAACGGGUACAUGUUGCACAGGCUCCUUUUUUUUUUUUUUUUU

UUUUUUCGCUGAGUUAUUCCGGUCUCAAAAGACGGCAGACGUCAGUCG

ACAACACGGUCUAAAGCAGUGCUACAAUCUGCCGUGUUCGUGUUUUUU

UUUUUUUUUUUUUUGUGAACCUACACGGCGUGCACUGUAGUUCGCAAU

UCAUAGGGUACCGGCUCAGAGUUAUGCCUUGGUUGAAAACUGCCCAGC

AUACUUUUUUUUUUUUUUUUUUUUCAUAUUCCCAUGCUAAGCAAGGGA
UGCCGCGAGUCAUGUUAAGCUUGAAUU

According to another very particularly preferred embodi-
ment, the nucleic acid molecule according to formula (VI)
may be selected from e.g. any of the following sequences:

(SEQ ID NO: 367)
UAGCGAAGCUCUUGGACCUACCUUUUUUUUUUUUUUCCCUGCGUUCCU

AGAAGUACACG
or

(SEQ ID NO: 368)
UAGCGAAGCUCUUGGACCUACCUUUUUUUUUUUUUUUCCCUGCGUUCC

UAGAAGUACACGAUCGCUUCGAGAACCUGGAUGGAAAAAAAAARNALDAA
AGGGACGCAAGGAUCUUCAUGUGC

In a further preferred embodiment the nucleic acid mol-
ecule of the herein defined inventive polymeric carrier cargo
complex may also occur in the form of a modified nucleic
acid.

According to a further aspect, the nucleic acid molecule of
the herein defined inventive polymeric carrier cargo complex
may be provided as a “stabilized nucleic acid”, preferably as
a stabilized RNA or DNA, more preferably as a RNA that is
essentially resistant to in vivo degradation (e.g. by an exo- or
endo-nuclease).

In this context, the nucleic acid molecule of the herein
defined inventive polymeric carrier cargo complex may con-
tain backbone modifications, sugar modifications or base
modifications. A backbone modification in connection with
the present invention is a modification in which phosphates of
the backbone of the nucleotides contained in the nucleic acid
molecule of the inventive polymeric carrier cargo complex
are chemically modified. A sugar modification in connection
with the present invention is a chemical modification of the
sugar of the nucleotides of the nucleic acid molecule of the
inventive polymeric carrier cargo complex. Furthermore, a
base modification in connection with the present invention is
a chemical modification of the base moiety of the nucleotides
of'the nucleic acid molecule of the inventive polymeric carrier
cargo complex.

According to a further aspect, the nucleic acid molecule of
the herein defined inventive polymeric carrier cargo complex
can contain a lipid modification.

The nucleic acid of the inventive polymeric carrier cargo
complex as defined herein may also be in the form of a
modified nucleic acid, wherein any modification, as defined
herein, may be introduced into the nucleic acid. Modifica-
tions as defined herein preferably lead to a further stabilized
nucleic acid.
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According to one aspect, the nucleic acid of the inventive
polymeric carrier cargo complex as defined herein may thus
be provided as a “stabilized nucleic acid”, preferably as a
stabilized mRNA, more preferably as an mRNA that is essen-
tially resistant to in vivo degradation (e.g. by an exo- or
endo-nuclease). Such stabilization can be effected, for
example, by a modified phosphate in which phosphates of the
backbone of the nucleotides contained in the nucleic acid are
chemically modified. The nucleic acid of the inventive poly-
meric carrier cargo complex may additionally or alternatively
also contain sugar or base modifications. The nucleic acid of
the inventive polymeric carrier cargo complex, particularly if
provided as an mRNA, can also be stabilized against degra-
dation by RNases by the addition of a so-called “5' cap”
structure. Particular preference is given in this connection to
anm7G(5")ppp (5'(A,G(5ppp(5HA or G(5)ppp(5)Gasthe 5
cap” structure. According to a further aspect, the nucleic acid
of the inventive polymeric carrier cargo complex may con-
tain, especially if the nucleic acid is in the form of an mRNA,
a poly-A tail on the 3' terminus of typically about 10 to 200
adenosine nucleotides, preferably about 10 to 100 adenosine
nucleotides, more preferably about 20 to 100 adenosine
nucleotides or even more preferably about 40 to 80 adenosine
nucleotides. According to a further aspect, the nucleic acid of
the inventive polymeric carrier cargo complex may contain,
especially if the nucleic acid is in the form of an mRNA, a
poly-C tail on the 3' terminus of typically about 10 to 200
cytosine nucleotides, preferably about 10 to 100 cytosine
nucleotides, more preferably about 20 to 70 cytosine nucle-
otides or even more preferably about 20 to 60 or even 10 to 40
cytosine nucleotides. According to another aspect, the nucleic
acid of the inventive polymeric carrier cargo complex may be
modified, and thus stabilized, especially if the nucleic acid is
in the form of an mRNA, by modifying the G/C content of the
nucleic acid, particularly an mRNA, preferably of the coding
region thereof.

In a particularly preferred aspect of the present invention,
the G/C content of the coding region of the nucleic acid of the
inventive polymeric carrier cargo complex, especially if the
nucleic acid is in the form of an mRNA, is modified, particu-
larly increased, compared to the G/C content of the coding
region of its particular wild-type mRNA, i.e. the unmodified
mRNA. The encoded amino acid sequence of the at least one
mRNA is preferably not modified compared to the coded
amino acid sequence of the particular wild-type mRNA. Pref-
erably, the G/C content of the coding region of nucleic acid of
the inventive polymeric carrier cargo complex, especially if
the nucleic acid is in the form of an mRNA, is increased by at
least 7%, more preferably by at least 15%, particularly pref-
erably by at least 20%, compared to the G/C content of the
coded region of the wild-type mRNA which codes for an
antigen, antigenic protein or antigenic peptide as deinined
herein or its fragment or variant thereof. According to a spe-
cific embodiment at least 5%, 10%, 20%, 30%, 40%, 50%,
60%, more preferably at least 70%, even more preferably at
least 80% and most preferably at least 90%, 95% or even
100% of the substitutable codons in the region coding for a
protein or peptide as defined herein or its fragment or variant
thereof or the whole sequence of the wild type mRNA
sequence are substituted, thereby increasing the GC/content
of'said sequence. In this context, it is particularly preferable to
increase the G/C content of the nucleic acid of the inventive
polymeric carrier cargo complex, especially if the nucleic
acid is in the form of an mRNA, to the maximum (i.e. 100%
of'the substitutable codons), in particular in the region coding
for a protein, compared to the wild-type sequence. According
to the invention, a further preferred modification of the
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nucleic acid of the inventive polymeric carrier cargo complex,
especially if the nucleic acid is in the form of an mRNA, the
region which codes for the adjuvant protein is modified com-
pared to the corresponding region of the wild-type mRNA
such that at least one codon of the wild-type sequence which
codes for a tRNA which is relatively rare in the cell is
exchanged for a codon which codes for a tRNA which is
relatively frequent in the cell and carries the same amino acid
as the relatively rare tRNA. By this modification, the
sequences of the nucleic acid, especially if the nucleic acid is
in the form of an mRNA, is modified such that codons for
which frequently occurring tRNAs are available are inserted.
In other words, according to the invention, by this modifica-
tion all codons of the wild-type sequence which code for a
tRNA which is relatively rare in the cell can in each case be
exchanged for a codon which codes for a tRNA which is
relatively frequent in the cell and which, in each case, carries
the same amino acid as the relatively rare tRNA.

Which tRNAs occur relatively frequently in the cell and
which, in contrast, occur relatively rarely is known to a person
skilled in the art; cf. e.g. Akashi, Curr. Opin. Genet. Dev.
2001, 11(6): 660-666. The codons which use for the particular
amino acid the tRNA which occurs the most frequently, e.g.
the Gly codon, which uses the tRNA which occurs the most
frequently in the (human) cell, are particularly preferred.

Nucleic acid molecules used according to the present
invention as defined herein may be prepared using any
method known in the art, including synthetic methods such as
e.g. solid phase synthesis, as well as in vitro methods, such as
in vitro transcription reactions or in vivo reactions, such as in
vivo propagation of DNA plasmids in bacteria.

According to another particularly preferred embodiment,
the nucleic acid of the inventive polymeric carrier cargo com-
plex, especially if the nucleic acid is in the form of a coding
nucleic acid, preferably an mRNA, may additionally or alter-
natively encode a secretory signal peptide. Such signal pep-
tides are sequences, which typically exhibit a length of about
15 to 30 amino acids and are preferably located at the N-ter-
minus of the encoded peptide, without being limited thereto.
Signal peptides as defined herein preferably allow the trans-
port of the protein or peptide as encoded by the nucleic acid of
the present invention, especially if the nucleic acid is in the
form of an mRNA, into a defined cellular compartiment,
preferably the cell surface, the endoplasmic reticulum (ER) or
the endosomal-lysosomal compartiment.

Any of the above modifications may be applied to the
nucleic acid of the inventive polymeric carrier cargo complex,
especially if the nucleic acid is in the form of an mRNA, and
further to any nucleic acid as used in the context of the present
invention and may be, if suitable or necessary, be combined
with each other in any combination, provided, these combi-
nations of modifications do not interfere with each other in the
respective nucleic acid. A person skilled in the art will be able
to take his choice accordingly.

Proteins or peptides as encoded by the nucleic acid of the
inventive polymeric carrier cargo complex as defined herein,
may comprise fragments or variants of those sequences.
Additionally, the nucleic acid of the inventive polymeric car-
rier cargo complex may comprise fragments or variants of
those coding sequences. Such fragments or variants may typi-
cally comprise a sequence having a sequence identity with
one of the above mentioned proteins or peptides or sequences
of their encoding nucleic acid sequences of at least 5%, 10%,
20%, 30%, 40%, 50%, 60%, preferably at least 70%, more
preferably at least 80%, equally more preferably at least 85%,
even more preferably at least 90% and most preferably at least
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95% or even 97%, to the entire wild-type sequence, either on
nucleic acid level or on amino acid level.

“Fragments” of proteins or peptides in the context of the
present invention may comprise a sequence of an protein or
peptide as defined herein, which is, with regard to its amino
acid sequence (or its encoded nucleic acid sequence), N-ter-
minally, C-terminally and/or intrasequentially truncated
compared to the amino acid sequence of the original (native)
protein (or its encoded nucleic acid sequence). Such trunca-
tion may thus occur either on the amino acid level or corre-
spondingly on the nucleic acid level. A sequence identity with
respect to such a fragment as defined herein may therefore
preferably refer to the entire protein or peptide as defined
herein or to the entire (coding) nucleic acid sequence of such
aprotein or peptide. The same applies accordingly to nucleic
acids.

Such fragments of proteins or peptides in the context of the
present invention may furthermore comprise a sequence of a
protein or peptide as defined herein, which has a length of
about 6 to about 20 or even more amino acids, e.g. fragments
as processed and presented by MHC class I molecules, pref-
erably having a length of about 8 to about 10 amino acids, e.g.
8,9, 0r 10, (oreven 6, 7, 11, or 12 amino acids), or fragments
as processed and presented by MHC class II molecules, pret-
erably having a length of about 13 or more amino acids, e.g.
13, 14, 15, 16, 17, 18, 19, 20 or even more amino acids,
wherein these fragments may be selected from any part of the
amino acid sequence. These fragments are typically recog-
nized by T-cells in form of a complex consisting of the peptide
fragment and an MHC molecule, i.e. the fragments are typi-
cally not recognized in their native form.

The fragments of proteins or peptides as defined herein
may also comprise epitopes of those proteins or peptides.
Epitopes (also called “antigen determinants™) in the context
of'the present invention are typically fragments located on the
outer surface of (native) proteins or peptides as defined
herein, preferably having 5 to 15 amino acids, more prefer-
ably having 5 to 12 amino acids, even more preferably having
6to 9 amino acids, which may be recognized by antibodies or
B-cell receptors, i.e. in their native form. Such epitopes of
proteins or peptides may furthermore be selected from any of
the herein mentioned variants of such proteins or peptides. In
this context antigenic determinants can be conformational or
discontinous epitopes which are composed of segments of the
proteins or peptides as defined herein that are discontinuous
in the amino acid sequence of the proteins or peptides as
defined herein but are brought together in the three-dimen-
sional structure or continuous or linear epitopes which are
composed of a single polypeptide chain.

“Variants” of proteins or peptides as defined herein may be
encoded by the nucleic acid of the inventive polymeric carrier
cargo complex, wherein nucleotides of the nucleic acid,
encoding the protein or peptide as defined herein, are
exchanged. Thereby, a protein or peptide may be generated,
having an amino acid sequence which differs from the origi-
nal sequence in one or more mutation(s), such as one or more
substituted, inserted and/or deleted amino acid(s). Preferably,
these fragments and/or variants have the same biological
function or specific activity compared to the full-length native
protein, e.g. its specific antigenic property.

The present invention also provides a method of preparing
the inventive polymeric carrier molecule according to for-
mula (I) L-P'~S—[S—P>—S],—S—P>-L as defined
herein or according to any subformula thereof as defined
herein (e.g. (Ia), etc.). Italso provides the product obtained or
obtainable by such an inventive method (product by process).
The method preferably comprises following steps:
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a) providing at least one cationic or polycationic protein or
peptide as component P? as defined herein and/or at least
one cationic or polycationic polymer as component P2 as
defined herein, and optionally at least one further com-
ponent (e.g. (AA),, [(AA))], etc.), preferably in the
ratios indicated above by formula (I), mixing these com-
ponents, preferably in a basic milieu as defined herein,
preferably in the presence of oxygen or a further starter
as defined herein which leads to mild oxidation condi-
tions, preferably at a pH, at a temperature and at time as
defined herein, and thereby condensing and thus poly-
merizing these components with each other via disulfide
bonds (in a polymerization condensation or polycon-
densation) to obtain a repetitive component H-[S—P>*—
S],—H or H{[S—P>—S] [S-(AA),-S],}H, etc.;

b) providing a hydrophilic polymer P* and/or P? as defined
herein, optionally modified with a ligand L. and/or an
amino acid component (AA), as defined herein;

¢) mixing the hydrophilic polymer P* and/or P provided
according to step b) with the repetitive component
H—[S—P>—S]—H or H{[S—P>—S][S-(AA),-
S],}H, etc. obtained according to step a), typically in a
ratio of about 2:1, (and thereby typically terminating the
polymerization condensation or polycondensation reac-
tion) and obtaining the inventive polmeric carrier, pref-
erably according to formula (I) as defined herein or
according to any subformula thereof as defined herein;

d) optionally purifying the inventive polymeric carrier
obtained according to step ¢), preferably using a method
as defined herein;

e) optionally adding a nucleic acid as defined herein to the
inventive polymeric carrier obtained according to step ¢)
or d), preferably in the above mentioned ratios, and
complexing the nucleic acid with the polymeric carrier
obtained according to step ¢) or d) to obtain an inventive
polymeric carrier cargo complex as defined herein.

The inventive method of preparing the inventive polymeric
carrier according to formula (I) as defined herein represents a
multi-step condensation polymerization or polycondensation
reaction via —SH moieties of the educts, e.g. component(s)
P? as defined herein, further components P! and/or P> and
optionally further components (AA),. The condensation
polymerization or polycondensation reaction preferably
leads to the inventive polymeric carrier as a condensation
polymer, wherein the single components are linked by disul-
fide bonds. This condensation polymerization leads to the
inventive polymeric carrier according to formula (I) prepar-
ing in a first step a) of the condensation reaction the inventive
repetitive component H—[S—P>—S] —H or a variant
thereof as a sort of a “core” or “central motif” of the inventive
polymeric carrier. In a second step b) components P and/or
P? are provided, which allow to terminate or to somehow
“coat” the inventive repetitive component H—[S—P>*—S],
—H or a variant thereof in a third step ¢) by adding compo-
nents P! and/or P as defined herein (optionally modified with
a ligand L and/or an amino acid component (AA), as defined
herein) to the condensation product obtained according to
step a). In subsequent step d), this product may be purified and
further used to complex a nucleic acid cargo as defined herein
to obtain an inventive complex.

It is important to understand that the inventive method is
based on an equibrility reaction under mild oxidation condi-
tions in steps a), (b)) and c), which, upon balancing the
equilibirity state, allows to obtain the inventive polymeric
carrier according to formula (I) above or according to any of
its subformulas comprising the selected components in the
desired molar ratios. For this purpose, long reaction times are
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envisaged to achieve an equibrility state in steps a), (b)) and
c¢). If for example a condensation polymerization is to be
carried out using a molar ratio of 5 components P in step a),
the equilibrium is surprisingly settled at a polymer length of
about 5 after sufficient time, preferably e.g. >12 hours. How-
ever, due to the equilibrium the polymer length (as defined by
n) is not fixed at a specific value, e.g. 5, but may vary accord-
ingly within the equibrility reaction. Accordingly, about 5
may mean about 4 to 6, or even about 3 to 7. Preferably, the
polymer length and thus the integer n (and thus a, b and a+b)
varies within a limit of about +1, or £2.

As defined herein in a step a) of the inventive method of
preparing the inventive polymeric carrier according to for-
mula (I) at least one cationic or polycationic protein or pep-
tide as component P? as defined herein and/or at least one
cationic or polycationic polymer as component P as defined
herein are provided, preferably in the ratios indicated above
by formula (I). These components are mixed, preferably in a
basic milieu as defined herein, preferably in the presence of
oxygen or a further starter as defined herein which leads to
mild oxidation conditions, preferably at a pH, and at a tem-
perature and at a time as defined herein, and thereby condens-
ing and thus polymerizing these components with each other
via disulfide bonds (in a polymerization condensation or
polycondensation) to obtain a repetitive component H—[S—
p>—S],—H.

According to an alternative, in step a) of the inventive
method of preparing the inventive polymeric carrier at least
one cationic or polycationic protein or peptide and/or at least
one cationic or polycationic polymer are provided and used as
component(s) P> as defined herein, and additionally at least
one amino acid component (AA), is provided as defined
herein, and components P* and (AA)_, are used for a poly-
merization condensation or polycondensation according to
step a). Preferably, the components are all provided in the
ratios indicated above by formula (la), mixed, preferably in a
basic milieu as defined herein, preferably in the presence of
oxygen or a further starter as defined herein which leads to
mild oxidation conditions, preferably at a pH, at a tempera-
ture and at time as defined herein. Upon mixing and starting
the reaction, the components are condensed and thus poly-
merized with each other via disulfide bonds (in a polymeriza-
tion condensation or polycondensation) to obtain a repetitive
component H-{[S—P>—S] [S-(AA),-S],}-H.

In both of the above alternatives, different component(s)
P2, particularly different peptides and/or different polymers
as component P2, may be selected in the condensation poly-
merization as indicated above. In this context, the selection of
different component(s) P? is typically dependent upon the
desired properties of the final inventive polymeric carrier and
the desired cationic strength of the final inventive polymeric
carrier or its central core motif. Accordingly, the repetitive
component [S—P>—S],, may furthermore be “diluted” or
modified in the above alternative of step a) e.g. by introducing
an amino acid component (AA), as defined herein, preferably
in the above defined ratios. Thereby, a modified central core
motif {[S—P>—S],[S-(AA),-S],} may be obtained, wherein
the cationic character of (unmodified) repetitive component
[S—P>—S8],, typically remains in the limitations as defined
herein. The properties of the final inventive polymeric carrier
may thus be adjusted as desired with properties of compo-
nents (AA), by inserting amino acid component (AA), as
defined herein in steps a), b) and/or c).

In all cases, step a) is based on an equibrility reaction under
mild oxidation conditions which, upon balancing the equili-
birity state, allows to obtain either inventive repetitive com-
ponent H—[S—P>—S] —H or inventive repetitive compo-
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nent H-{[S—P>—S][S-(AA),-S],}-H in the desired molar
ratios. In the equilibrity state, n is preferably 1, 2, 3,4, or 5 to
10, more preferably 4 to 9, and a+b=n is as defined above,
preferably a+b=1, 2, 3, 4, or 5 to 10, more preferably 4 to 9.
For this purpose, long reaction times are envisaged to achieve
an equibrility state in step a), most preferably e.g. >12 hours.
Accordingly, step a) of the inventive method of preparing a
polymeric carrier typically requires at least about 5 hours,
even more preferably at least about 7.5 hours or even 10
hours, most preferably at least about 12 hours, e.g. a reaction
time of about 12 to 60 hours, a reaction time of about 12 to 48
hours, a reaction time of about 12 to 36 hours, or a reaction
time of about 12 to 24 hours, etc, wherein the lower border of
12 hours of the latter ranges may also be adjusted to 10, 7.5,
or even 5 hours. Advantageously, the equilibirity state can be
balanced using the inventive method.

Instep a), the at least one cationic or polycationic protein or
peptide as component P? as defined herein and/or at least one
cationic or polycationic polymer as component P as defined
herein, and optionally at least one amino acid component
(AA), as defined herein, are preferably contained in a basic
milieu in the step a) of the inventive method of preparing the
inventive polymeric carrier according to formula (I) (or any of
its subformulas, e.g. (Ia)). Such a basic milieu typically
exhibits a pH range of about 6 to about 12, preferably a pH
range of about 7 to about 10, more preferably a pH range of
about 8 to about 10, e.g. about 8, 8.5,9, 9.5, or 10 or any range
selected from any two of these or the aforementioned values.

Furthermore, the temperature of the solution in step a) is
preferably in a range of about 5° C. to about 60° C., more
preferably in a range of about 15° C. to about 40° C., even
more preferably in a range of about 20° C. to about 30° C., and
most preferably in a range of about 20° C. to about 25° C., e.g.
about 25° C.

In step a) of the inventive method of preparing the inventive
polymeric carrier according to formula (I) (or any of its sub-
formulas, e.g. (Ia)) as defined herein buffers may be used as
suitable. Preferred buffers may comprise, but are not limited
to carbonate buffers, borate buffers, Bicine buffer, CHES
buffer, CAPS buffer, Ethanolamine containing buffers,
HEPES, MOPS buffer, Phosphate bufter, PIPES buffer, Tris
buffer, Tricine buffer, TAPS buffer, and/or TES buffer as
buffering agents. Particularly preferred is a carbonate buffer.

Upon mixing the components, preferably in the presence of
oxygen, preferably in the presence of a basic mileu as defined
herein, the condensation polymerization or polycondensation
reaction is started. For this purpose, the mixture in step a) is
preferably exposed to oxygen or may be started using a fur-
ther starter, e.g. a catalytical amount of an oxidizing agent,
e.g. DMSO, etc. To determine the desired polymer chain
length the condensation reaction has to be carried out under
mild oxidation conditions, preferably in the presence of less
than 30% DMSO, more preferably in the presence of less than
20% DMSO and most preferably in the presence of less than
10% DMSO. Upon start of the condensation polymerization
or polycondensation reaction the at least one cationic or poly-
cationic protein or peptide and/or at least one cationic or
polycationic polymer as component Wand optionally at least
one amino acid component (AA), as defined herein, are con-
densed and thus polymerized with each other via disulfide
bonds (polymerization condensation or polycondensation).
In this reaction step a) preferably linear polymers are created
using monomers with at least two reactive—SH moieties, i.e.
at least one cationic or polycationic protein or peptide and/or
atleast one cationic or polycationic polymer as component P>
as defined herein, each component P? exhibiting at least two
free —SH-moieties as defined herein, e.g. at their terminal
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ends. However, components P> with more than two free
—SH-moieties may be used, which may lead to branched
polymers.

According to one other specific embodiment, the conden-
sation product obtained according to step a) may be modified
(e.g.in a step al)) by adding an amino acid component (AA),,
or a mixed repetitive amino acid component [(AA) ], as
defined herein e.g. to the terminal ends of the condensation
product of step a). This may occur via any functionality as
defined herein, e.g a—SH moiety or any further functionality
described herein, preferably a—SH moiety. For this purpose,
amino acid component (AA), or a mixed repetitive amino
acid component [(AA), ], may be provided with two (or even
more) —SH-moieties, e.g. in a form represented by formulae
“H(S-AA-S).H” or “H[S-(AA),-S]_H”. Then, a polyconden-
sation raction may be carried out with the products of step a),
i.e. inventive repetitive component H—[S—P>—S],—H or
inventive  repetitive component  H-{[S—P>—S] [S-
(AA),-S],}-H, leading to intermediate components

H(S-AA-S)-[S—P2—S] —(S-AA-S). 1, or
H[S-(AA),-S],—[S—P°—S],—[S-(AA),-SL.H, or

H(S-AA-S), -{[S—P2—S] [S-(AA)-S], }-(S-AA-
S),H, or

H[S-(AA),-S],-{[S—P*—SL,[S-(AA),-S],}-[S-
(AA)-S].H.
Any single or all of these intermediate components or the
inventive repetitive component

H-[S—P?>—S],—H
or the inventive repetitive component
H-{[S—P*—S],[S-(AA),-S],}-H

obtained according to step a), may be used to be coupled to
the polymers provided in step b) of the inventive method.

According to a second step b) of the inventive method of
preparing the inventive polymeric carrier according to for-
mula (I) as defined herein (or according to any of its subfor-
mulas), a hydrophilic polymer P! and/or P* as defined herein
is added to the condensation product obtained according to
step a). In this context, the hydrophilic polymers P* and/or P?
as defined herein, preferably exhibit at least one —SH-moi-
ety, more preferably only one —SH-moiety per hydrophilic
polymers P' and/or P? as defined herein, thereby terminally
stopping the polymerization condensation or polycondensa-
tion according to step a) in step ¢). Hydrophilic polymers P*
and/or P* as defined herein may be the same or different,
wherein these polymers may be selected according to the
desired properties. Typically, hydrophilic polymers P* and/or
P as a whole may be added to the condensation product
obtained according to step a) in a ratio of about 2:1 hydro-
philic polymer P* and/or P*:condensation product obtained
according to step a).

According to one alternative, the hydrophilic polymer(s)
P! and/or P? additionally may be modified with either a com-
ponent L. (ligand) as defined herein or a component (AA), or
[(AA),], as defined herein or both a component L. (ligand) as
defined herein and a component (AA), or [(AA),], as defined
herein.

According to a first example, a ligand is attached to com-
ponent(s) P' and/or P? as component L prior to providing
component(s) P* and/or P in step b) via any functionality as
defined herein, e.g a —SH moiety. This ligand is preferably
attached to the hydrophilic polymer(s) P* and/or P* at one
terminus of these polymers. If the attachment is carried out
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via —SH bonds, the hydrophilic polymer(s) P' and/or P* are
preferably provided with two (or even more) —SH-moieties,
e.g. in a form represented by formulae HS—P'—SH or
HS—P*—SH. Ligand L preferably carries only one —SH
moiety. In this case, one —SH moiety of hydrophilic polymer
(s) P! and/or P? is preferably protected in a first step using a
protecting group as known in the art. Then, the hydrophilic
polymer(s) P* and/or P> may be bound to a component L to
form a first disulfide bond via the non-protected —SH moiety.
The protected —SH-moiety of hydrophilic polymer(s) P*
and/or P? is then typically deprotected for further reactions.
This preferably leads to following intermediate components

L-S—S—P'SH, or

HS—P*—S—S-L.

Alternatively, the above intermediate components may be
provided similarly without the necessity of blocking the free
—SH-moieties. These intermediate components may be used
in step c) to be coupled with the condensation products
obtained according to step a) above, e.g. to form a second
disulfide bond with inventive repetitive component H—[S—
P>—S],—H or inventive mixed repetitive component H-{
[S—P>—S],[S-(AA),-S],}-H obtained according to step a)
or any of its modifications, e.g. according to step al). If the
attachment is carried out via other moieties, any of the reac-
tions as defined herein may be used accordingly.

According to a further example, an amino acid component
(AA), or a mixed repetitive amino acid component [(AA), ],
as defined herein may be attached to component(s) P* and/or
P prior to providing component(s) P* and/or P* via any func-
tionality as defined herein, e.g a—SH moiety. The amino acid
component (AA), or a mixed repetitive amino acid compo-
nent [(AA), ], may be attached to the hydrophilic polymer(s)
P! and/or P? at any position within these polymersor at one or
both termini of these polymers. In one specific case, the
amino acid component (AA), or a mixed repetitive amino
acid component [(AA), |, may be provided as alinker between
component(s) P! and/or P*> and the condensation product
obtained according to step a) above or as a linker between
component(s) P* and/or P? and a further component, e.g. a
linker L, or according to another alternative, as a terminating
component at one terminus of component(s) P! and/or P*. In
any of these cases, the attachment preferably may carried out
via —SH bonds, wherein the hydrophilic polymer(s) P* and/
or P? are preferably provided with two (or even more) —SH-
moieties, e.g. in a form represented by formula “HS—P'—
SH” or “HS—P>*—SH”, wherein preferably one of these to
—SH moieties is protected, e.g. in a form represented by
formula “HS—P'—S-protecting group” or “protecting
group-S—P*>—SH”. Furthermore, amino acid component
(AA), or a mixed repetitive amino acid component [(AA), ],
are also preferably provided with two (or even more) —SH-
moieties, e.g. in a form represented by formulae “H(S-AA-
S),—H” or “H[S-(AA),-S]_H”, wherein preferably one of
these to—SH moieties is protected, e.g. in a form represented
by formulae “protecting group-(S-AA-S)—SH” or “H[S-
(AA),-S],-protecting group”. Then, a polycondensation rac-
tion may be carried out with polymers “HS—P'—S-protect-
ing group” or “protecting group-S—P>—SH” leading to
intermediate components

“protecting group-S—P'—S—(S-AA-S) —S-protecting

group”,

“protecting group-(S-AA-S) —S—S—P°—S-protecting
group”,

“protecting group-S—P'—S[S-(AA)_-S],-protecting

group”, or
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“protecting  group-[S-(AA), -S| —S—P°

group”.

Any single or all of these intermediate components may
then be used in step ¢) of the inventive method to be coupled
to the condensation product according to step a).

For this purpose, at least one or both protecting groups
(selected upon the desired direction of the component in the
final carrier) of each intermediate compound may be depro-
tected prior to providing them in step b), leading to following
intermediate components

“HS—P'—S—(S-AA-S) —SH”,

“H(S-AA-S),—S—S—P°—SH”,

“HS—P'—S—[S-(AA),-S].H”, or

“H[S-(AA), -S],—S—P°*—SH”,

Alternatively, the above intermediate components may be
provided similarly without the necessity of blocking the free
—SH-moieties. Any single or all of these intermediate com-
ponents may then be provided in step b) of the inventive
method to be coupled to the condensation product according
to step a).

If any of the afore mentioned intermediate components is
provided in step b), this condensation reaction may be termi-
nated in a step ¢) by adding a linker component as defined
herein with one —SH-moiety (e.g. L-SH) or any further
component with a single —SH moiety, e.g. as defined herein.
In one further specific case, the amino acid component (AA),
or a mixed repetitive amino acid component [(AA), |, may be
used as a terminal component at one terminus of
component(s) P! and/or P* without adding a further compo-
nent to the amino acid component (AA)_or a mixed repetitive
amino acid component [(AA),]..

According to a further example, an amino acid component
(AA), or a mixed repetitive amino acid component [(AA), ],
as defined herein may be attached to component(s) P* and/or
P prior to step ¢), wherein component(s) P' and/or P*> have
been already modified with a linker. For this purpose, com-
ponent(s) P! and/or P preferably carry (at least) two —SH
moieties as defined herein, wherein a polycondensation is
carried out with a linker, carrying e.g. one —SH moiety. This
reaction may be carried out by using protecting groups as
defined herein, or, preferably, without protecting groups.
Alternatively, any further functionality as defined herein
except —SH moieties may be used for coupling. Then, the
second —SH moiety of component(s) P* and/or P> may be
used to couple an amino acid component (AA), or a mixed
repetitive amino acid component [(AA), ], as defined herein
via —SH-moieties, e.g. in a form represented by formulae
“H(S-AA-S),—H” or “H[S-(AA),-S]_H”. The reaction pref-
erably leads to following intermediate compounds

“L-8—S—P'—S—(S-AA-S)—SH”,

“L-S—S—P'—S—[S-(AA),-S|.H”, or

“HS—(S-AA-S),—S—S—P>*—S—S-L”, or

“HS—[S-(AA),-S].—S—P*—S—S-1.”;

or, if component [ has been linked without a dislufide bond
to following intermediate products

“L-P'—S—(S-AA-S) —SH”,

“L-P'—S—[S-(AA),-S],H”, or

“HS—(S-AA-S),—S—S—P>L”, or

“HS—[S-(AA),-S],—S—P>-L;

In step c) the hydrophilic polymers P* and/or P* (or any of
the intermediate components provided according to step b))
as defined herein, are provided and mixed with the repetitive
component H—[S—P>—S] —H, with the mixed repetitive
component H-{[S—P>—S]_[S-(AA),-S],}-H, or any of the
intermediate components obtained according to step a), typi-
cally in a ratio of about 2:1. The reaction is typically started
and carried out under conditions already described above for

—S-protecting
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step a) (pH, temperature, reaction time, buffers, etc.). Step ¢)
allows to terminate the polymerization condensation or poly-
condensation reaction and to obtain the inventive polmeric
carrier according to formula (I) or (Ia) or according to any of
subformulas thereof as defined herein, preferably the inven-
tive polmeric carrier according to formula (I)

L-p'—S—[S—P>S],—S—P*L

or according to formula (Ia)

L-P!'—S-{[S—P?>—S] [S-(AA) -S], }-S—P3-L.

According to a further step d) of the inventive method of
preparing the inventive polymeric carrier according to for-
mula (I) or (Ia) as defined herein, or according to any of
subformulas thereof as defined herein, the inventive poly-
meric carrier obtained according to step ¢) is optionally puri-
fied. Purification may occur by using chromatographic meth-
ods, such as HPL.C, FPLC, GPS, dialysis, etc.

According to a final step e) of the inventive method of
preparing the inventive polymeric carrier according to for-
mula (I) or (Ia) as defined herein, or according to any of
subformulas thereof as defined herein, a nucleic acid as
defined herein is optionally added to the inventive polymeric
carrier obtained according to step ¢) or d), preferably in the
above mentioned ratios. Typically, in the inventive complex,
the polymeric carrier molecule according to generic formula
(D or (Ia) or according to any of subformulas thereof as
defined herein, as defined herein and the nucleic acid are
provided in a molar ratio of about 5 to 10000, preferably in a
molar ratio of about 5 to 5000, more preferably in a molar
ratio of about 5 to 2500, even more preferably in a molar ratio
of about 5 to 1000 polymeric carrier:nucleic acid, e.g. in a
molar ratio of about 10 to 10000, in a molar ratio of about 10
to 5000, in a molar ratio of about 25 to 2500, or in a molar ratio
of'about 50 to 1000 polymeric carrier:nucleic acid. The N/P
ratios are preferably as indicated above.

The inventive method of preparing the inventive polymeric
carrier according to formula (I) or (Ia) or according to any of
subformulas thereof as defined herein is particularly suitable
to adapt the chemical properties of the desired inventive poly-
meric carrier due to specific selection of its components P2, L,
(AA),, or [(AA), ], thereby avoiding agglomeration and tox-
icity in vivo.

Furthermore, a skilled person would not have expected to
obtain an inventive polymeric carrier using the above inven-
tive method as the skilled person would always have expected
that the polymer obtained according to the inventive method
due to general rules of equilibrity reactions leads to a mono-
meric content of component P2, flanked by monomeric com-
ponents P' and/or P?, wherein the linkages are formed by
disulfide bonds. In contrast, the present inventors were sur-
prisingly able to show that when using a specific ratio of
polymers and method steps as defined herein, particularly
mild oxidation conditions during the polymerization reac-
tion, the polymerization condensation can be directed to spe-
cifically obtain a desired distribution of polymers and a
desired average length and the desired inventive polymeric
carrier according to generic formula (I) or (Ia) or according to
any of subformulas thereof as defined herein without the
necessity of blocking the free —SH-moieties. This was not
expected by a skilled person.

According to a further embodiment, the present invention
also provides a pharmaceutical composition, comprising the
inventive polymeric carrier cargo complex formed by a
nucleic acid cargo as defined herein and a polymeric carrier
molecule according to generic formula (I) or (Ia) or according
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to any of subformulas thereof as defined herein and optionally
a pharmaceutically acceptable carrier and/or vehicle.

As a first ingredient, the inventive pharmaceutical compo-
sition comprises the polymeric carrier cargo complex formed
by the nucleic acid cargo and a polymeric carrier molecule
according to generic formula (I) or (Ia) or according to any of
subformulas thereof as defined herein.

As a second ingredient the inventive pharmaceutical com-
position may comprise at least one additional pharmaceuti-
cally active component. A pharmaceutically active compo-
nent in this connection is a compound that has a therapeutic
effect to heal, ameliorate or prevent a particular indication,
preferably cancer diseases, autoimmune disease, allergies or
infectious diseases. Such compounds include, without imply-
ing any limitation, peptides or proteins, preferably as defined
herein for coding nucleic acids, nucleic acids, preferably as
defined herein, (therapeutically active) low molecular weight
organic or inorganic compounds (molecular weight less than
5000, preferably less than 1000), sugars, antigens or antibod-
ies, preferably as defined herein, therapeutic agents already
known in the prior art, antigenic cells, antigenic cellular frag-
ments, cellular fractions; cell wall components (e.g. polysac-
charides), modified, attenuated or de-activated (e.g. chemi-
cally or by irradiation) pathogens (virus, bacteria etc.),
adjuvants, preferably as defined herein, etc.

Furthermore, the inventive pharmaceutical composition
may comprise a pharmaceutically acceptable carrier and/or
vehicle. In the context of the present invention, a pharmaceu-
tically acceptable carrier typically includes the liquid or non-
liquid basis of the inventive pharmaceutical composition. If
the inventive pharmaceutical composition is provided in lig-
uid form, the carrier will typically be pyrogen-free water;
isotonic saline or buffered (aqueous) solutions, e.g phos-
phate, citrate etc. buffered solutions. Particularly for injection
of the inventive pharmaceutical composition, water or pref-
erably a buffer, more preferably an aqueous buffer, may be
used, containing a sodium salt, preferably at least 50 mM of a
sodium salt, a calcium salt, preferably at least 0.01 mM of a
calcium salt, and optionally a potassium salt, preferably at
least 3 mM of a potassium salt. According to a preferred
embodiment, the sodium, calcium and, optionally, potassium
salts may occur in the form of their halogenides, e.g. chlo-
rides, iodides, or bromides, in the form of their hydroxides,
carbonates, hydrogen carbonates, or sulfates, etc. Without
being limited thereto, examples of sodium salts include e.g.
NaCl, Nal, NaBr, Na,CO;, NaHCO;, Na,SO,, examples of
the optional potassium salts include e.g. KCl, Kl, KBr,
K,CO;, KHCO;, K,SO,, and examples of calcium salts
include e.g. CaCl,, Cal,, CaBr,, CaCO;, CaSO,, Ca(OH),.
Furthermore, organic anions of the aforementioned cations
may be contained in the buffer. According to a more preferred
embodiment, the buffer suitable for injection purposes as
defined herein, may contain salts selected from sodium chlo-
ride (NaCl), calcium chloride (CaCl,) and optionally potas-
sium chloride (KC1), wherein further anions may be present
additional to the chlorides. CaCl, can also be replaced by
another salt like KCI. Typically, the salts in the injection
buffer are present in a concentration of at least 50 mM sodium
chloride (NaCl), at least 3 mM potassium chloride (KCl) and
at least 0.01 mM calcium chloride (CaCl,). The injection
buffer may be hypertonic, isotonic or hypotonic with refer-
ence to the specific reference medium, i.e. the buffer may
have a higher, identical or lower salt content with reference to
the specific reference medium, wherein preferably such con-
centrations of the afore mentioned salts may be used, which
do not lead to damage of cells due to osmosis or other con-
centration effects. Reference media are e.g. liquids occurring
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in “in vivo” methods, such as blood, lymph, cytosolic liquids,
or other body liquids, or e.g. liquids, which may be used as
reference media in “in vitro” methods, such as common buft-
ers or liquids. Such common buffers or liquids are known to
a skilled person. Ringer-Lactate solution is particularly pre-
ferred as a liquid basis.

According to another aspect, the inventive pharmaceutical
composition may comprise an adjuvant. In this context, an
adjuvant may be understood as any compound, which is suit-
able to initiate or increase an immune response of the innate
immune system, i.e. a non-specific immune response. With
other words, when administered, the inventive pharmaceuti-
cal composition typically elicits an innate immune response
due to the adjuvant, optionally contained therein. Such an
adjuvant may be selected from any adjuvant known to a
skilled person and suitable for the present case, i.e. supporting
the induction of an innate immune response in a mammal.

The inventive pharmaceutical composition may be admin-
istered orally, parenterally, by inhalation spray, topically, rec-
tally, nasally, buccally, vaginally or via an implanted reser-
voir. The term parenteral as used herein includes
subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intrale-
sional, intracranial, transdermal, intradermal, intrapulmonal,
intraperitoneal, intracardial, intraarterial, and sublingual
injection or infusion techniques.

The inventive pharmaceutical composition may be used for
human and also for veterinary medical purposes, preferably
for human medical purposes, as a pharmaceutical composi-
tion in general or as a vaccine.

According to a particular preferred aspect, the inventive
pharmaceutical composition (or the inventive polymeric car-
rier cargo complex) may be provided or used as an immuno-
stimulating agent. In this context, the inventive pharmaceuti-
cal composition is preferably as defined above. More
preferably, the nucleic acid of the inventive polymeric carrier
cargo complex, preferably contained in the pharmaceutical
composition, is typically an immunostimulatory nucleic acid
as defined herein, e.g. a CpG-DNA or an immunostimulatory
RNA (isRNA). Alternatively or additionally, the nucleic acid
of the inventive polymeric carrier cargo complex, preferably
contained in the pharmaceutical composition, is a coding
nucleic acid as defined herein, preferably a ¢cDNA or an
mRNA, more preferably encoding an adjuvant protein pref-
erably as defined herein.

In a specific aspect of this embodiment in this context it is
preferred that an adjuvant protein is a component of the
polymeric carrier, preferably as (AA),, component.

According to an even more preferred aspect, the inventive
pharmaceutical composition (or the inventive polymeric car-
rier cargo complex) may be provided or used as an adjuvant.
Inthis context, the adjuvant is preferably defined as the inven-
tive pharmaceutical composition above. More preferably, the
nucleic acid of the inventive polymeric carrier cargo complex,
preferably contained in the adjuvant, is typically an immuno-
stimulatory nucleic acid as defined herein, e.g. a CpG-DNA
or an immunostimulatory RNA (isRNA). Alternatively or
additionally, the nucleic acid of the inventive polymeric car-
rier cargo complex, preferably contained in the adjuvant, is a
coding nucleic acid as defined herein, preferably a cDNA or
an mRNA, more preferably encoding an adjuvant protein,
preferably as defined herein. The inventive polymeric carrier
cargo complex, preferably contained in the adjuvant, typi-
cally initiates an innate immune response in the patient to be
treated. Such an adjuvant may be utilized in any accompany-
ing therapy, with any known vaccine or any further (known)
therapeutic agent, preferably prior to, concurrent with or sub-
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sequent to administration of the main therapy, prior to, con-
current with or subsequent to administration of a further
(known) vaccine or a (known) further therapeutic agent.

The inventive polymeric carrier cargo complex or the
inventive pharmaceutical composition as defined herein pro-
vided or used as an adjuvant is preferably capable of trigger-
ing a non-antigen-specific, (innate) immune reaction (as pro-
vided by the innate immune system), preferably in an
immunostimulating manner. An immune reaction can gener-
ally be brought about in various ways. An important factor for
a suitable immune response is the stimulation of different
T-cell sub-populations. T-lymphocytes typically differentiate
into two sub-populations, the T-helper 1 (Thl) cells and the
T-helper 2 (Th2) cells, with which the immune system is
capable of destroying intracellular (Thl) and extracellular
(Th2) pathogens (e.g. antigens). The two Th cell populations
differ in the pattern of effector proteins (cytokines) produced
by them. Thus, Th1 cells assist the cellular immune response
by activation of macrophages and cytotoxic T-cells. Th2 cells,
on the other hand, promote the humoral immune response by
stimulation of B-cells for conversion into plasma cells and by
formation of antibodies (e.g. against antigens). The Th1/Th2
ratio is therefore of great importance in the immune response.
In connection with the present invention, the Th1/Th2 ratio of
the immune response is preferably displaced by the immune-
stimulating agent, namely the inventive polymeric carrier
cargo complex in the direction towards the cellular response,
that is to say the Thl response, and a predominantly cellular
immune response is thereby induced. As defined above, the
inventive polymeric carrier cargo complex exerts by itself an
unspecific innate immune response, which allows the inven-
tive polymeric carrier cargo complex be used as such (without
adding another pharmaceutically active component) as an
immunostimulating agent. If administered together with
another pharmaceutically active component, preferably a
specifically immunogenic component, preferably an antigen,
the nucleic acid of the invention serves as an adjuvant sup-
porting the specific adaptive immune response elicited by the
other pharmaceutically active component e.g. an antigen.

According to another particularly preferred embodiment,
the inventive pharmaceutical composition (or the inventive
polymeric carrier cargo complex) may be provided or used as
a vaccine.

Such an inventive vaccine is typically composed like the
inventive pharmaceutical composition and preferably sup-
ports or elicits an immune response of the immune system of
a patient to be treated, e.g. an innate immune response, if an
RNA or mRNA is used as the nucleic acid molecule of the
inventive polymeric carrier cargo complex formed by the
nucleic acid cargo and a polymeric carrier molecule accord-
ing to generic formula (I) or (Ia) or according to any of
subformulas thereof as defined herein. Furthermore or alter-
natively, the inventive vaccine may elicit an adaptive immune
response, preferably, if the nucleic acid of the inventive poly-
meric carrier cargo complex formed by the nucleic acid cargo
and a polymeric carrier molecule according to generic for-
mula (I) or (Ia) or according to any of subformulas thereof as
defined herein encodes any of the above mentioned antigens
or proteins, which elicit an adaptive immune response.

In this context, the vaccine is preferably defined as an
adjuvant or as an inventive pharmaceutical composition as
disclosed above. More preferably, the nucleic acid of the
inventive polymeric carrier cargo complex, contained in such
a vaccine, may be any nucleic acid as defined above, prefer-
ably an immunostimulatory nucleic acid as defined herein,
e.g. a CpG-DNA or an immunostimulatory RNA (isRNA).
Alternatively or additionally, the nucleic acid of the inventive
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polymeric carrier cargo complex, preferably contained in the
vaccine, is a coding nucleic acid as defined herein, preferably
a cDNA or an mRNA, more preferably encoding an adjuvant
protein, preferably as defined herein. Alternatively or addi-
tionally, the nucleic acid of the inventive polymeric carrier
cargo complex, preferably contained in the vaccine, is a cod-
ing nucleic acid as defined herein, preferably a cDNA or an
mRNA, more preferably encoding an antigen, preferably as
defined herein. Furthermore, particularly, if the nucleic acid
of the inventive polymeric carrier cargo complex does not
encode an antigen, the inventive vaccine may contain an
antigen, preferably as defined above, either as a protein or
peptide or encoded by a nucleic acid, or antigenic cells, anti-
genic cellular fragments, cellular fractions; cell wall compo-
nents (e.g. polysaccharides), modified, attenuated or de-acti-
vated (e.g. chemically or by irradiation) pathogens (virus,
bacteria etc.).

According to a further aspect the inventive vaccine may
contain a peptide or protein antigen as (AA), component of
the inventive polymeric carrier as defined herein, preferably
as part of the repetitive component [S—P>—S],.

The inventive vaccine may also comprise a pharmaceuti-
cally acceptable carrier, adjuvant, and/or vehicle as defined
herein for the inventive pharmaceutical composition.

The inventive vaccine can additionally contain one or more
auxiliary substances in order to increase its immunogenicity,
if desired. A synergistic action of the inventive polymeric
carrier cargo complex formed by the nucleic acid cargo and a
polymeric carrier molecule according to generic formula (1)
or (Ia) or according to any of subformulas thereof as defined
herein and of an auxiliary substance, which may be optionally
contained in the inventive vaccine as defined herein, is pref-
erably achieved thereby. Depending on the various types of
auxiliary substances, various mechanisms can come into con-
sideration in this respect. For example, compounds that per-
mit the maturation of dendritic cells (DCs), for example
lipopolysaccharides, TNF-alpha or CD40 ligand, form a first
class of suitable auxiliary substances. In general, itis possible
to use as auxiliary substance any agent that influences the
immune system in the manner of a “danger signal” (LPS,
GP96, etc.) or cytokines, such as GM-CFS, which allow an
immune response to be enhanced and/or influenced in a tar-
geted manner. Particularly preferred auxiliary substances are
cytokines, such as monokines, lymphokines, interleukins or
chemokines, that further promote the innate immune
response, such as 1L-1, IL-2, IL.-3, 1L.-4, IL-5, IL-6, IL-7,
1L-8, IL-9, IL-10, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17,
1L-18,1L-19,1L-20,1L-21,1L-22,1L-23,1L-24, IL.-25, IL-26,
1L-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33, IFN-alpha,
IFN-beta, IFN-gamma, GM-CSF, G-CSF, M-CSF, LT-beta or
TNF-alpha, growth factors, such as hGH.

Further additives which may be included in the inventive
vaccine are emulsifiers, such as, for example, Tween®; wet-
ting agents, such as, for example, sodium lauryl sulfate;
colouring agents; taste-imparting agents, pharmaceutical car-
riers; tablet-forming agents; stabilizers; antioxidants; preser-
vatives.

The inventive vaccine can also additionally or alternatively
contain any further compound, which is known to be
immune-stimulating due to its binding affinity (as ligands) to
human Toll-like receptors TLR1, TLR2, TL.R3, TLR4, TLRS,
TLR6, TLR7, TLR8, TLR9, TLR10, or due to its binding
affinity (as ligands) to murine Toll-like receptors TLRI1,
TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLRO,
TLR10, TLR11, TLR12 or TLR13.

Another class of compounds, which may be added to an
inventive vaccine in this context, may be CpG nucleic acids,
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in particular CpG-RNA or CpG-DNA. A CpG-RNA or CpG-
DNA can be a single-stranded CpG-DNA (ss CpG-DNA), a
double-stranded CpG-DNA (dsDNA), a single-stranded
CpG-RNA (ss CpG-RNA) or a double-stranded CpG-RNA
(ds CpG-RNA). The CpG nucleic acid is preferably in the
form of CpG-RNA, more preferably in the form of single-
stranded CpG-RNA (ss CpG-RNA). The CpG nucleic acid
preferably contains at least one or more (mitogenic) cytosine/
guanine dinucleotide sequence(s) (CpG motif(s)). According
to a first preferred alternative, at least one CpG motif con-
tained in these sequences, that is to say the C (cytosine) and
the G (guanine) of the CpG motif, is unmethylated. All further
cytosines or guanines optionally contained in these sequences
can be either methylated or unmethylated. According to a
further preferred alternative, however, the C (cytosine) and
the G (guanine) of the CpG motif can also be present in
methylated form.

The inventive vaccine can also additionally or alternatively
contain an immunostimulatory RNA, i.e. an RNA derived
from an immunostimulatory RNA, which triggers or
increases an (innate) immune response. Preferably, such an
RNA may be in general as defined herein for RNAs. In this
context, those classes of RNA molecules, which can induce
aninnate immune response, may be selected e.g. from ligands
of Toll-like receptors (TLRs), particularly from RNA
sequences representing and/or encoding ligands of TLRs,
preferably selected from human family members TLR1-
TLR10 or murine family members TLR1 TL.R13, more pref-
erably from TLR7 and TLRS, ligands for intracellular recep-
tors for RNA (such as RIG-1 or MDA-5, etc.) (see e.g. Mey-
lan, E., Tschopp, J. (2006). Toll-like receptors and RNA
helicases: two parallel ways to trigger antiviral responses.
Mol. Cell 22, 561-569), or any other immunostimulatory
RNA sequence. Such an immunostimulatory RNA may com-
prise a length of 1000 to 5000, of 500 to 5000, of 5 to 5000, or
of 5 to 1000, 5 to 500, 5 to 250, of 5 to 100, of 5to 50 or of 5
to 30 nucleotides.

The present invention furthermore provides several appli-
cations and uses of the inventive polymeric carrier molecule
according to generic formula (I) or (Ia) or according to any of
subformulas thereof as defined herein, the inventive poly-
meric carrier cargo complex formed by the nucleic acid cargo
and the inventive polymeric carrier molecule, a pharmaceu-
tical composition comprising same or of kits comprising
same.

According to one embodiment, the present invention is
directed to the first medical use of the inventive polymeric
carrier molecule according to generic formula (I) or (Ia) or
according to any of subformulas thereof as defined herein, of
the inventive polymeric carrier cargo complex formed by the
nucleic acid cargo and the inventive polymeric carrier mol-
ecule, or of kits comprising same, as a medicament, prefer-
ably for gene therapy or treatment of a disease as defined
herein. The medicament may be in the form of a pharmaceu-
tical composition or in the form of an adjuvant or a vaccine as
a specific form of pharmaceutical compositions. A pharma-
ceutical composition in the context of the present invention
typically comprises the inventive polymeric carrier molecule
according to generic formula (I) or (Ia) or according to any of
subformulas thereof as defined herein or the inventive poly-
meric carrier cargo complex formed by the nucleic acid cargo
and the inventive polymeric carrier molecule, optionally fur-
ther ingredients, e.g. as defined herein for the inventive
nucleic acid, and optionally a pharmaceutically acceptable
carrier and/or vehicle, preferably as defined herein.

According to one further embodiment, the present inven-
tion is directed to the use of the inventive polymeric carrier
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molecule according to generic formula (I) or (Ia) or according
to any of subformulas thereof as defined herein, preferably
with a nucleic acid cargo as defined herein, or of the inventive
polymeric carrier cargo complex formed by the nucleic acid
cargo and the inventive polymeric carrier molecule for the
prophylaxis, treatment and/or amelioration of diseases as
defined herein. Preferably, diseases as mentioned herein are
selected from cancer or tumour diseases, infectious diseases,
preferably (viral, bacterial or protozoological) infectious dis-
eases, autoimmune diseases, allergies or allergic diseases,
monogenetic diseases, i.e. (hereditary) diseases, or genetic
diseases in general, diseases which have a genetic inherited
background and which are typically caused by a defined gene
defect and are inherited according to Mendel’s laws, cardio-
vascular diseases, neuronal diseases, diseases of the respira-
tory system, diseases of the digestive system, diseases of the
skin, musculoskeletal disorders, disorders of the connective
tissue, neoplasms, immune deficiencies, endocrine, nutri-
tional and metabolic diseases, eye diseases, ear diseases and
any disease which can be influenced by the present invention.

According to another embodiment, the present invention is
directed to the second medical use of the inventive polymeric
carrier molecule according to generic formula (I) or (Ia) or
according to any of subformulas thereof as defined herein, or
of the inventive polymeric carrier cargo complex formed by
the nucleic acid cargo and the inventive polymeric carrier
molecule for the treatment of diseases as defined herein,
preferably to the use of the inventive polymeric carrier mol-
ecule according to generic formula (I) or (Ia) or according to
any of subformulas thereof as defined herein, or of the inven-
tive polymeric carrier cargo complex formed by the nucleic
acid cargo and the inventive polymeric carrier molecule, of a
pharmaceutical composition comprising same or of kits com-
prising same for the preparation of a medicament for the
prophylaxis, treatment and/or amelioration of various dis-
eases as defined herein.

According to one further embodiment, the present inven-
tion is directed to the use of the inventive polymeric carrier
molecule according to generic formula (I) or (Ia) or according
to any of subformulas thereof as defined herein, preferably
with a nucleic acid cargo as defined herein, or of the inventive
polymeric carrier cargo complex formed by the nucleic acid
cargo and the inventive polymeric carrier molecule for immu-
notherapy, for gene therapy, for vaccination, or to the use
thereof as an adjuvant.

According to a further embodiment, the present invention
is directed to the treatment of diseases as defined herein,
particularly prophylaxis, treatment and/or amelioration of
various diseases as defined herein, preferably using or admin-
istering to a patient in need thereof the inventive polymeric
carrier cargo complex formed by the nucleic acid cargo and
the inventive polymeric carrier molecule according to generic
formula (I) or (Ia) or according to any of subformulas thereof
as defined herein, or the inventive pharmaceutical composi-
tion or vaccine as defined herein.

The present invention also allows treatment of diseases,
which have not been inherited, or which may not be summa-
rized under the above categories. Such diseases may include
e.g. the treatment of patients, which are in need of a specific
protein factor, e.g. a specific therapeutically active protein as
mentioned above. This may e.g. include dialysis patients, e.g.
patients which undergo a (regular) a kidney or renal dialysis,
and which may be in need of specific therapeutically active
proteins as defined herein, e.g. erythropoietin (EPO), etc.

According to a final embodiment, the present invention
also provides kits, particularly kits of parts, comprising as
components alone or in combination with further ingredients
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atleast one inventive polymeric carrier molecule according to
generic formula (I) or (Ia) or according to any of subformulas
thereof as defined herein, at least one inventive polymeric
carrier cargo complex formed by the nucleic acid cargo and
the inventive polymeric carrier molecule, at least one nucleic
acid as defined herein, at least one pharmaceutical composi-
tion comprising same and/or kits comprising same, and
optionally technical instructions with information on the
administration and dosage of the inventive polymeric carrier
molecule, the nucleic acid, the inventive polymeric carrier
complex, and/or the inventive pharmaceutical composition.
Such kits, preferably kits of parts, may be applied, e.g., for
any of the above mentioned applications or uses. Such kits,
when occurring as a kit of parts, may further contain each
component in a different part of the kit.

FIGURES

The following Figures are intended to illustrate the inven-
tion further. They are not intended to limit the subject matter
of the invention thereto.

FIG. 1: illustrates the products formed during the reaction
by SDS PAGE gel electrophoresis under non-reducing con-
ditions. The left part of the gel was stained according to
coomassie protocol which colors the peptide content, the
right part was stained with Bariumchloride/Iodine solutions
which colour the PEG content. As may be easily seen only
one product containing PEG and peptide is formed in the
range of the intended mass.

FIG. 2: shows the results of the confocal microscopy of
1929 cells 5 minutes after transfection with fluorescence
labelled RNA complexed with the inventive polymeric carrier
PB19 in amolar ratio of 1:500. As a result, several complexes
are detectable in the cells already 5 minutes after transfection
indicating a good transfection rate.

FIG. 3: shows the results of the confocal microscopy of
L.929 cells 1 hour after transfection with fluorescence labelled
RNA complexed with the inventive polymeric carrier PB19 in
a molar ratio of 1:500. As a result, most of the particles were
taken up in the cells 1 hour after transfection showing a good
transfection rate.

FIG. 4: illustrates stability experiments with regard to elec-
trostatic displacement of the bound nucleic acid from the
complex. As can be seen the addition of the anionic polymer
heparin can not displace the RNA from the complex because
it still migrates in the gel. This indicates that the complex
binding is so strong that a competitive complex partner can-
not displace the RNA from the complex. The content of lanes
1-4 are indicated in the Figure from left to right (lanes 1-4).

FIG. 5: depicts a gel shift assay to examine the strength of
complex binding. It could be shown that the addition of the
anionic polymer heparin or the reducing agent DTT alone
cannot display the RNA from the complex with the polymer
according to the invention (PB19). Only together they are
able to displace the RNA from the complex (lane 7). This
indicates that the complex binding is so strong that neither a
competitive complex partner nor a reducing agent can dis-
place the RNA from the complex.

FIG. 6: shows a gel shift assay to examine the strength of
complex binding. As can be seen, the addition of the anionic
polymer heparin alone cannot displace the RNA from the
complex with polymers according to the invention (PB22). In
contrast mRNA could be readily displaced by heparin from
PH complexes.

FIG. 7: depicts the results from expression experiments
with of luciferase encoding mRNA according to SEQ ID NO:
369 in HeLa cells. As can be seen, formulations of mRNA
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coding for luciferase (luc-RNActive) according to SEQ ID
NO: 369 with the PB19 polymer (molar ratio of RNA:PB19
1:1000, 1:500, 1:100) lead to expression of luciferase inde-
pendently of the presence of serum containing medium.
These results are unexpected because serum containing
medium leads in general to a loss of transfection efficiency.

FIG. 8: depicts the results from expression experiments
with of luciferase encoding mRNA according to SEQ ID NO:
369 in HeL a cells. As can be seen, formulations of mRNA
coding for luciferase (luc-RNActive) according to SEQ ID
NO: 369 with the PB83 polymer (molar ratio of RNA:PB83
1:50) lead to significant higher expression of luciferase com-
pared to th free peptide combined with RNA in molar ratio
1:50 (e.g. template assisted polymerization in situ Rice et.
Al), to the non-pegylated polymerization product PB83 w/o
PEG in molar ratio 1:50 (e.g. RPC conform), PB83 polymer-
ization without peptide component (e.g. dimerized PEG-SS-
PEG) and a non-reversible PEGylated of PB83 derivative
which was synthesized by malimide containing PEG termi-
nation of the polymerization reaction.

FIG. 9A: illustrates the results from expression experi-
ments with luciferase encoding mRNA according to SEQ ID
NO: 369 in BALB/c mice after intradermal injection. As a
result, formulation of mRNA coding for luciferase (luc-
RNActive) according to SEQ ID NO: 369 with the PB19
polymer leads to expression of luciferase in the dermis of
female BALB/c mice. Other transfection reagents known in
the art (PEI and Lipofectamine 2000) did not show any
expression of the Luciferase protein.

FIG. 9B: illustrates the results from expression experi-
ments with luciferase encoding mRNA according to SEQ ID
NO: 369 in BALB/c mice after intramuscular injection. As a
result, formulation of mRNA coding for luciferase (luc-
RNActive) according to SEQ ID NO: 369 with the PB19
polymer leads to expression of luciferase in the m. tibialis of
female BALB/c mice. Other transfection reagents known in
the art (PEI and Lipofectamine 2000) did not show any
expression of the Luciferase protein.

FIG. 10: shows the expression of luciferase in BALB/c
mice after intradermal injection of different formulations of
mRNA coding for luciferase (luc-RNActive) according to
SEQ ID NO: 369 with two different polymers according to
the invention [PB19 and PB48]. These formulations of
mRNA coding for luciferase (luc-RNActive) according to
SEQ ID NO: 369 with two different polymers according to
the invention [PB19 and PB48] lead to expression of
luciferase in the dermis of female BALB/c mice. The poly-
meric carrier cargo complex formed by a peptide according to
RPC CH6R4H6C (without PEGylation) and mRNA coding
for luciferase (luc-RNActive) according to SEQ ID NO: 369
in a molar ratio of 2500:1 showed no expression of luciferase
after intradermal injection of the complexed mRNA.

FIG. 11: shows the expression of luciferase in BALB/c
mice after intradermal injection of different formulations of
mRNA coding for luciferase (luc-RNActive) according to
SEQ ID NO: 369 with three different polymers according to
the invention [PB124, PB117 and PB83]. These formulations
lead all to an expression of luciferase in the dermis of female
BALB/c mice.

FIG. 12: depicts the results from expression experiments
with of luciferase encoding mRNA according to SEQ ID NO:
369 in CHO cells. As can be seen, formulations of mRNA
coding for luciferase (luc-RNActive) according to SEQ ID
NO: 369 with different polymers according to the invention
(molar ratio of RNA:PB 1:250) all lead to high levels of
luciferase expression in serum containing medium. Also the
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advantageous effect of the hydrophilic component AA . (in
this case the peptide CAS;PS,AC in the polymer can easily
be seen.

FIG. 13: depicts the secretion of hIL-6 cytokine in hPB-
MCs. It could be shown that complexes consisting of the
polymers according to the invention (PB19 and PB22) and
mRNA coding for luciferase (luc-RNActive) according to
SEQ ID NO: 369 do not induce the secretion of cytokines in
hPBMCs in contrast to complexes consisting of mRNA cod-
ing for luciferase (luc-RNActive) according to SEQ 1D NO:
369 and cationic peptides (H3R9H3) or a combination of
cationic peptides (H3R9H3) and PEGylated cationic peptides
(which confers in general to subsequent hydrophilic coating
of pre-formed nucleic acid condensates). The polymers used
were:

E9-PEGS5k: HO-PEGs,,,-EEEEEEEEE

E9-PEG3k: HO-PEG;,,,-EEEEEEEEE

R9-PEG3k: HO-PEG;,,,-RRRRRRRRR

PB19: HO-PEGs00-S—(S—CHHHRRRRHHHC—S),
—S-PEG;0,-OH

PB22: HO-PEG;g00-S—(S—CHHHHHHRRRRHHHH-
HHC—S),—S-PEG;,,,-OH

FIG. 14: illustrates the secretion of hTNFa cytokine in
hPBMC:s. It could be shown that complexes consisting of the
polymers according to the invention (PB19 and PB22) and
mRNA coding for luciferase (luc-RNActive) according to
SEQ ID NO: 369 do not induce the secretion of cytokines in
hPBMCs in contrast to complexes consisting of mRNA cod-
ing for luciferase (luc-RNActive) according to SEQ 1D NO:
369 and cationic peptides (H3R9H3) or such complexes
coated with PEGylated peptides (which confers in general to
subsequent hydrophilic coating of pre-formed nucleic acid
condensates). The polymers used were:

E9-PEGS5K: HO-PEG,,,,-EEEEEEEEE

E9-PEG3k: HO-PEG;,,,-EEEEEEEEE

R9-PEG3k: HO-PEG;,0,-RRRRRRRRR

PB 19: HO-PEGsq0o-S—(S—CHHHRRRRHHHC—S),
—S-PEG5400-OH

PB22: HO-PEG;,,-S—(S—CHHHHHHRRRRHHHH-
HHC—S)s—S-PEG;0,-OH

FIG. 15: shows the secretion of hTFNa cytokine secretion
in hPBMC:s. It could be shown that complexes consisting of
mRNA coding for luciferase (luc-RNActive) according to
SEQ ID NO: 369 and polymers according to the invention
(PB19) do not induce the secretion of hTFNa in hPBMCs in
contrast to complexes consisting of mRNA coding for
Iuciferase (luc-RNActive) according to SEQ ID NO: 369 and
state of the art transfection reagents like Lipofectamin 2000.

FIG. 16: shows the mRNA sequence encoding Photinus
pyralis luciferase (SEQ ID NO: 369) in the mRNA construct
pCV19-Pp luc(GC)-muag-A70-C30; which exhibits a length
01’1857 nucleotides. The mRNA sequence contains following
sequence elements:

the coding sequence encoding Photinus pyralis luciferase;
stabilizing sequences derived from alpha-globin-3'-
UTR (muag (mutated alpha-globin-3'-UTR));

70xadenosine at the 3'-terminal end (poly-A-tail);

30xcytosine at the 3'-terminal end (poly-C-tail).

The ORF is indicated in italic letters, muag (mutated alpha-
globin-3'-UTR is indicated with a dotted line, the poly-
A-tail is underlined with a single line and the poly-C-tail
is underlined with a double line.

EXAMPLES

The following examples are intended to illustrate the
invention further. They are not intended to limit the subject
matter of the invention thereto.
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1. Preparation of DNA and mRNA Constructs Encoding Pp
Luciferase (Photinus pyralis)

For the present examples DNA sequences, encoding Photi-
nus pyralis luciferase, were prepared and used for sub-
sequent in vitro transcription reactions.

According to a first preparation, the DNA sequence termed
pCV19-Ppluc(GC)-muag-A70-C30 sequence was pre-
pared, which corresponds to the Photinus pyralis
luciferase coding sequence. The construct was prepared
by modifying the wildtype Photinus pyralis luciferase
encoding DNA sequence by introducing a GC-opti-
mized sequence for a better codon usage and stabiliza-
tion, stabilizing sequences derived from alpha-globin-
3-UTR (muag (mutated alpha-globin-3'-UTR)), a
stretch of 70xadenosine at the 3'-terminal end (poly-A-
tail) and a stretch of 30xcytosine at the 3'-terminal end
(poly-C-tail), leading to SEQ ID NO: 369 (see FIG. 16).

The sequence of the final DNA construct had a length of

1857 nucleotides and was termed “pCV19-Ppluc(GC)-
muag-A70-C30”. In SEQ ID NO: 369 (see FIG. 16) the
sequence of the corresponding mRNA is shown.

The sequence contains following sequence elements:
the coding sequence encoding Photinus pyralis

luciferase;
stabilizing sequences derived from alpha-globin-3'-
UTR (muag (mutated alpha-globin-3'-UTR));
70xadenosine at the 3'-terminal end (poly-A-tail);
30xcytosine at the 3'-terminal end (poly-C-tail).
2. In Vitro Transcription:

The respective DNA plasmid prepared according to
Example 1 was transcribed in vitro using T7-Poly-
merase. Subsequently the mRNA was purified using
PureMessenger® (CureVac, Tiibingen, Germany).

3. Reagents:

Peptides: The peptides used in the present experiments
were as follows:

PB19: HO-PEGs,00-S—(S—CHHHRRRRHHHC—S),
—S-PEG;0-OH (pegylated CH;R,H,C peptide poly-
mer)

PB22: HO-PEG;q00-S—(S—CHHHHHHRRRRHHHH-
HHC—S);—S-PEG,,,,-OH (pegylated CHR,H.C
peptide polymer)

PB48: HO-PEG;,00-S—(S—CHHHRRRRHHHC—S),
—S-PEG5400-OH

PB83: HO-PEG;q00-S—(S—CHHHHHHRRRRHHHH-
HHCS—),—S-PEG,,,-OH

PB86: HO-PEG;q00-S—(S—CHHHHHHRRRRHHHH-
HHC—S—),(S—CAS3PS3AC—S);—S-PEG;qgo-
OH

PB117 HO-PEGs4p0-S—(S—CHKKKKKKHC—S—),
—S-PEG5400-OH

PB124 HO-PEG,400-S—(S—CHHHHHHRRRRHHHH-
HHC—S—),—S-PEG,,,,-OH

PB83 free peptide HS—(CHHHHHHRRRRHHHH-
HHC)—SH freshly solved in water prior formulation

PB83 w/o peptide PEG-SS-PEG

PB83 w/o PEG HS—(CHHHHHHRRRRHHHHHHC),,
—SH

PB83malPEG PEG-mal-(S—CHHHHHHRRRRHHHH-
HHC—S-),-mal-PEG

H3R9H3: HHHRRRRRRRRRHHH

CH6R4H6C: H—(S—CHHHHHHRRRRHHHHHHC—
S)s—H

Further Tranfection Reagents Used are:

Lipofectamine 2000 (Invitrogen)

PEI 25 kDa (branched) (Aldrich)
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4. Synthesis of the Inventive Polymeric Carrier:

The condensation reaction was performed with the calcu-
lated amount of peptide (component P?) which is dis-
solved in a mixture of a buffered aqueous solution at pH
8.5 with an optional additive of 5% (v/v) Dimethylsul-
foxide (DMSO) (which are mild oxidation conditions
and therefore allow the establishment of an equilibrium)
and stirred for 18 h at ambient temperature. Afterwards
the calculated amount of a thiol group containing PEG
derivative (alpha-Methoxy-omega-mercapto poly(eth-
ylene glycol)) (component P') (dissolved in water) is
added and the resulting solution is stirred for another 18
h. Subsequent lyophilisation and purification yield the
desired polymer. The ratio between PEG component P*
to peptide component P defines the chain length of the
P2 polymer.

The condensation reaction in this reaction environment is
reversible, therefore the chain length of the polymer is
determined by the amount of the monothiol compound
which terminates the polymerisation reaction. In sum-
mary the length of the polymer chain is determined by
the ratio of oligo-peptide and monothiol component.
This reaction is supported by the chosen mild oxidation
conditions. With more stringent oxidation conditions
(30% DMSO) the generation of high molecular (long
chain) polymers is induced.

4.1. 1. Step: Exemplary Polymerization Reaction:

n HS—CHHHRRRHHHC—SH—H—(S—CHHHR-
RRRHHHC—S),—H

4.2. 2. Step: Exemplary Stop Reaction:

H—(S—CHHHRRRRHHHC—S),—H+2 PEG-
SH—PEG-S—(S—CHHHRRRRHHHC—S),—
S-PEG

4.3. Exemplary Synthesis Reaction:
Step 1)

5xHS—CHHHRRRHHHC—SH—H—(S—CHHHR-
RRRHHHC—S)s—H

Step 2)

H—(S—CHHHRRRRHHHC—S)s—H+2xPEG g0
SH-PEGs00-S—(S—CHHHRRRRHHHC—S)5
—S-PEGs000

To achieve a polymer length of 5 (n=5), a molar ratio of
peptide:PEG of 5:2 was used.

Some variations of the synthesis reaction were done to
show the the effect of the PEGchains and the effects of
the reversible attachment of the PEG chains.

4.4. Synthesis Reaction for Polymeric Carriers without PEG
Chains:

The reaction conditions are the same as mentioned above,
but the step of the addition of a sulthydryl containing
PEG derivative is not performed/skipped.

4.5. Synthesis Reaction for Irreversible Attached PEG
Chains:

The reaction conditions are the same as mentioned above,
but instead of a sulthydryl containing PEG derivative a
maleimide containing PEG derivative is utilized. The
maleimide moiety reacts rapidly with free sulthydryl
groups forming a covalent bond. Therefore the termina-
tion of the polymerization is not under the dynamic
equilibria conditions as for sulthydryl containing PEG
derivatives but under irreversible conditions which
results in a “frozen” polymerization pattern of high
polydiversity and not the defined reaction products of
the dynamic equilibria reaction.
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5. Complexation of RNA:
The mRNA construct defined above in Example 1 and

prepared according to Example 2, were complexed for
the purposes of the present invention with the polymers,
preferably as defined in Example 4. Therefore, 4 pg
RNA coding for luciferase pCV19-Ppluc(GC)-muag-
A70-C30 (Luc-RNActive) according to SEQ ID NO: 85
were mixed in molar ratios as indicated with the inven-
tive polymeric carrier (according to formula I) or a con-
trol, thereby forming a complex. Afterwards the result-
ing solution was adjusted with water to a final volume of
50 pl and incubated for 30 minutes at room temperature.

The different inventive polymeric carriers and the different

ratios of polymeric carriers/RNA used in this experi-
ment are shown in table 1.

10

70

nonfixed cells grown in eight-well chambered cover
slides (Nunc, Germany). For the detection of Alexa
Fluor 647 labelled mRNA only the light of a 633-nm
helium neon laser, directed over a UV/488/543/633
beam splitter in combination with a LP 650 long pass
filter was used. Life cell microscopy was performed at
room temperature.

For this purpose, 1.929 cells (25x10°/well) were seeded 1

day prior to transfection on 24-well microtiter plates
leading to a 70% confluence when transfection was car-
ried out. Cells were transfected with formulations con-
taining 2 pg Alexa Fluor 647 labelled mRNA in 8 cham-
ber well slides directly before conduction of the
microscopy experiment.

Cationic
Prifix Polymer Ratio AS N/P
PB19 HO—PEG;p0—S—(S—CHHHRRRRHHHC—S)s—S—PEGsq0—OH 500 20 5.6
PB19 HO—PEG;p00—S—(S—CHHHRRRRHHHC—S)s—S—PEGs00—OH 250 20 2.8
PB19 HO—PEG;p00—S—(S—CHHHRRRRHHHC—S)s—S—PEGs00—OH 50 20 0.6
PB48 HO—PEG5000—S—(S—CHHHRRRRHHHC—S);—S—PEGs00—OH 250 12 1.67
PB76 HO—PEG;p0—S—(S—CHHHHHHRRRRHHHHHHC—S), ;—S—PEG;00—OH 500 40 11.2
PB76 HO—PEG;000—S—(S—CHHHHHHRRRRHHHHHHC—S),—S—PEG;500—OH 250 40 5.6
PB76 HO—PEG;000—S—(S—CHHHHHHRRRRHHHHHHC—S),—S—PEG;500—OH 50 40 1.1
PB83 HO—PEG;p00—S—(S—CHHHHHHRRRRHHHHHHC—S—),—S—PEG;000—OH 250 28 2.8
PB86 HO—PEG;p0—S—(S—CHHHHHHRRRRHHHHHHC—S—); 250 20 2.8

(S—CAS3PS3AC—S)s—S—PEGs000—OH

Ratio =

molar ratio of RNA:peptide

cationic AS = cationic amino acids, which are positively charged at a physiological pH (i.e. not histidine (H) but ¢.g. arginine (R))

‘Whereas PB83 and PB86 have a cationic insert that is double in size compared to PB19, therefore has double as much cationic amino acid residues.
PB48 has a shorter cationic insert compared to PB19, therefore has less cationic amino acid residues per molecule polymer.

N/P = is the ratio of basic nitrogen atoms in the polymeric carrier to phosphate residues in the nucleic acid, considering that nitrogen atoms confer
to positive charges and phosphate ofthe phosphate backbone of the nucleic acid confers to the negative charge. Histidine residues are counted neutral,

because complex formation is done at physiological pH, therefore the imidazole residue is uncharged.

N/P is calculated by the following formula:

N/P =

pmol [RNA]=«ratio «cationic AS
#g RNA %3 %1000

For the calculations RNA coding for luciferase pCV19-Ppluc(GC)-muag-A70-C30 (Luc-RNActive) according to SEQ ID NO: 369 was applied,
which has a molecular weight of 660 kDa. Therefore 1 pg pCV19-Ppluc(GC)-muag-A70-C30 RNA according to SEQ ID NO: 369 confers to 1.67
pmol pCV19-Ppluc(GC)-muag-A70-C30 RNA according to SEQ ID NO: 369

6. Size and Zetapotential Measurements:
The hydrodynamic diameters of polyplexes as prepared

above were measured by dynamic light scattering using
a Zetasizer Nano (Malvern Instruments, Malvern, UK)
according to the SOPs distributed by Malvern. The mea-
surements were performed at 25° C. in the specified
buffer analysed by a cumulant method to obtain the
hydrodynamic diameters and polydispersity indices of
the polyplexes.

The Zeta potential of the polyplexes was evaluated by the

laser Doppler electrophoresis method using a Zetasizer
Nano (Malvern Instruments, Malvern, UK). The mea-
surement was performed at 25° C. and a scattering angle
of 173° was used.

7. Gel Shift Assay
Furthermore, mRNA coding for luciferase (Luc-RNAc-

tive) according to SEQ ID NO: 369 was formulated with
the polymers as indicated and aliquots were incubated
with either heparin (100 pg) or Dithiothreitol (DTT) for
15 Minutes at 37° C. Afterwards electrophoresis was
done on agarose gel and the nucleic acids were visual-
ized by ethidium bromide staining.

8. Confocal Laser Scanning Microscopy

Confocal laser scanning microscopy was performed on an

inverted LSMS510 laser scanning microscope (Carl
Zeiss, Germany) using a Plan-Apochromat 63x/1.4
N.A. lens. All analyses were performed with living,
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8. Cytokinstimulation in hPBMC
HPBMC cells from peripheral blood of healthy donors

were isolated using a Ficoll gradient and washed subse-
quently with 1xPBS (phophate-buffered saline). The
cells were then seeded on 96-well microtiter plates
(200x10%/well). The hPBMC cells were incubated for
24 h with 10 pl of the RNA/carrier complex in X-VIVO
15 Medium (BioWhittaker). As RNA SEQ ID NO: 369
was used. The carriers were as shown above for generic
formula (I). The immunostimulatory effect upon the
hPBMC cells was measured by detecting the cytokine
production (Interleukin-6; Tumor necrose factor alpha,
Interferon alpha). Therefore, ELISA microtiter plates
(Nunc Maxisorb) were incubated over night (o/n) with
binding buffer (0.02% NaN;, 15 mM Na,CO;, 15 mM
NaHCO,, pH 9.7), additionally containing a specific
cytokine antibody. Cells were then blocked with 1xPBS,
containing 1% BSA (bovine serum albumin). The cell
supernatant was added and incubated for 4 h at 37° C.
Subsequently, the microtiter plate was washed with
1xPBS, containing 0.05% Tween-20 and then incubated
with a Biotin-labelled secondary antibody (BD Pharm-
ingen, Heidelberg, Germany). Streptavidin-coupled
horseraddish peroxidase was added to the plate. Then,
the plate was again washed with 1xPBS, containing
0.05% Tween-20 and ABTS (2,2'-azino-bis(3-ethyl-
benzthiazoline-6-sulfonic acid) was added as a sub-
strate. The amount of cytokine was determined by mea-
suring the absorption at 405 nm (OD 405) using a
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standard curve with recombinant cytokines (BD Pharm-
ingen, Heidelberg, Germany) with the Sunrise ELISA-
Reader from Tecan (Crailsheim, Germany).

9. Transfection of HeLa Cells:

4 ug RNA stabilized luciferase mRNA (Luc-RNActive)
according to SEQ ID NO: 85 were mixed in molar ratios
as indicated with the respective polymer (according to
formula I), thereby forming a complex. Afterwards the
resulting solution was adjusted with water to a final
volume of 50 pl and incubated for 30 minutes at room
temperature. The used ratios are indicated in table 1
above.

Hela-cells (150x10°/well) were seeded 1 day prior to trans-
fection on 24-well microtiter plates leading to a 70%
confluence when transfection was carried out. For trans-
fection 50 pl of the RNA/carrier complex solution were
mixed with 250 pl serum free or FCS containing medium
(as indicated in the provided table) and added to the cells
(final RNA concentration: 13 pg/ml). Prior to addition of
the serum free transfection solution the HelLa-cells were
washed gently and carefully 2 times with 1 ml Optimen
(Invitrogen) per well. Then, the transfection solution
(300 pl per well) was added to the cells and the cells were
incubated for 4 h at 37° C. Subsequently 300 ul RPMI-
medium (Camprex) containing 10% FCS was added per
well and the cells were incubated for additional 20 h at
37¢ C. The transfection solution was sucked off 24 h
after transfection and the cells were lysed in 300 pl lysis
buffer (25 mM Tris-PO,, 2 mM EDTA, 10% glycerol,
1% Triton-X 100, 2 mM DTT). The supernatants were
then mixed with luciferin buffer (25 mM Glycylglycin,
15 mM MgSO,, 5 mM ATP, 62.5 uM luciferin) and
luminiscence was detected using a luminometer (Lumat
LB 9507 (Berthold Technologies, Bad Wildbad, Ger-
many)).

10. Expression of Luciferase In Vivo:

10 ug mRNA coding for luciferase (Luc-RNActive)
according to SEQ ID NO: 369 were mixed in a molar
ratio of 1:250 (RNA:polymeric carrier) with the respec-
tive carrier (according to formula I), thereby forming a
complex. Afterwards the resulting solution was adjusted
with Ringer Lactate solution to a final volume of 100 pl
and incubated for 30 minutes at room temperature,
yielding a solution with a 0.1 g/l concentration of com-
plexed RNA.

100 l (20 pl) of this solution was administrated intrader-
mally (ear pinna or back) or intramuscularly (m. tibialis)
to 7 week old BALB/c mice. After 24 h the mice were
sacrificed and the samples (ear, skin from the back or
muscle) were collected, frozen at —=78° C. and lysed for
3 Minutes at full speed in a tissue lyser (Qiagen, Hilden,
Germany). Afterwards 600 ul of lysis buffer were added
and the resulting solutions were subjected another 6
minutes at full speed in the tissue lyser. After 10 minutes
centrifugation at 13500 rpm at 4° C. the supernatants
were mixed with luciferin buffer (25 mM Glycylglycin,
15 mM MgSO4, 5 mM ATP, 62.5 uM luciferin) and
luminiscence was detected using a luminometer (Lumat
LB 9507 (Berthold Technologies, Bad Wildbad, Ger-
many)).

11. Results:
11.1. DLS/Zetasizer Determinations:

The size and C-potential of the polymeric carrier cargo
complexes according to the invention were evaluated in
triplicates by dynamic light scattering (DLS) and laser-
doppler electrophoresis and compared to different poly-
meric carrier cargo complexes known in the state of the
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art. Table 1 summarizes the cuamulant diameters and the
C-potential of the polymeric carrier cargo complexes.

Polymeric

carrier Cumulant

cargo diameter in Cumulant diameter ~ G-potential
complex N/P water (nm)  in ringer lactate (nm) (mV)
PB19 6 582 813 -9mvV
PEI 10 88 +4 1102 +20 mV
RPC like 5 170 =8 >1000 +39 mV
polymer

CH6RAH6C

The cumulant diameters of the polymeric carrier cargo
complexes formed by polymers according to the inven-
tion and mRNA coding for luciferase (Luc-RNActive)
according to SEQ ID NO: 369 showed that small, uni-
form complexes were formed. These complexes are
stable against agglomeration in salt containing buffer
and are less than 100 nm in size. In contrast polymeric
carrier cargo complexes according to the RPC procedure
are unstable in salt containing buffers, forming large
aggregates. The polymeric carrier cargo complexes
according to the invention also form complexes of low
C-potential, which is linked to a low tendency in binding
components of the serum, and therefore have a low
tendency for opsonisation.

11.2. Confocal Microscopy:

The transfection of 1.929 cells with AlexaFlour647 ami-
noallyl-labelled RNA complexed with the inventive
polymer PB19 after 5 minutes already led to detectable
complexes in the cell. The results are shown in FIGS. 2
and 3. As can be seen in FIG. 2, confocal microscopy of
L.929 cells 5 minutes after transfection with fluorescence
labelled RNA (SEQ ID NO: 369) complexed with the
inventive polymer PB19 in a molar ratio of 1:500
showed that already 5 minutes after transfection several
complexes are detectable in the cells. After 1 h confocal
microscopy of 1.929 cells 1 h after transfection with
fluorescence labelled RNA complexed with the inven-
tive polymer PB19 in a ratio of 1:500 revealed that after
transfection most of the particles were taken up in the
cells (see FIG. 3)

11.3. Stability Towards Electrostatic Displacement:

Since the complexes of the present invention, particularly
the polymers according to formula (I) are unique with
respect to their composition and their surface charge,
unexpected results could be observed in gel shift assays.
Normally, it is determined, as to whether a polymer
condenses the nucleic acid and thus prevents the nucleic
acid to migrate in an electrical field. Ifa complex partner
is added, which exhibits a stronger affinity for the cat-
ionic polymer than the nucleic acid, the nucleic acid is
displaced from the complex and again can migrate in an
electrical field. For this purpose, PEI may be used, which
is known to exhibit extremely strong complexes with
nucleic acid.

In a gel shift assay to examine the strength of complex
binding (see FIG. 4) it could be shown that the addition
ofthe anionic polymer heparin can not displace the RNA
from the inventive polymeric carrier cargo complex
because it still migrates in the gel. This indicates that the
complex binding is so strong that a competitive complex
partner cannot displace the RNA from the inventive
polymeric carrier cargo complex.
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In a further a gel shift assay to examine the strength of

complex binding (see FIG. 5) it could be shown that the
addition of the anionic polymer heparin or the reducing
agent DTT alone cannot display the RNA from the
inventive polymeric carrier cargo complex with the
polymer according to the invention (PB19). Only
together they are able to display the RNA from the
complex (lane 7). This indicates that the complex bind-
ing is so strong that neither a competitive complex part-

peptide according to RPC CH6R4H6C (without PEGy-
lation) and RNA in a molar ratio of 2500:1 procedure

5
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showed no expression of luciferase after intradermal
injection of the complexed RNA.

11.6 Cytokine Stimulation in hPBMC
Cytokine stimulation, particularly hIl.-6 cytokine secre-

tion in hPBMCs was measured. As a result (see FIG. 13)
it could be shown that the complexes according to the
invention consisting of RNA (SEQ ID NO: 369) and
polymers according to the invention (PB19 and PB22)

ner nor a reducing agent can displace the RNA from the 10 do not induce the secretiqn ,Of hIL-6 in hPBMCs in
inventive polymeric carrier cargo complex. contrast to cqmplexes cpnmstlng of RNA (SEQ ID NO:

Contrary to PEI complexes, the RNA is not released from 369) e.lnd. catlomc peptides (H;R,H,) or a comblna.tlon
the inventive polymeric carrier cargo complex upon of cationic peptl(.ies (H3R9H3,) and PEGylated peptides
addition of heparin. Only a combination of heparinand |, (E9 or R9) (Wh,ICh confers in general. to s.ubsequent
DTT releases the RNA. It is to be noted that DTT hydrophilic coating of pre-formed nucleic acid conden-
reduces disulfide bonds and thus destroys the conjugate. sates).

This imitates in vivo conditions, where the reducing E9-PEG5k: HO-PEG;000-EEEEEEEEE
conditions in the cell releases the RNA from the com- E9-PEG3k: HO-PEG,,,,-EEEEEEEEE
plex. 20 _ . - -

In comparison thereto, gel shift assays with PEI complexes R9-PEG3k: HO-PEG,00,-RRRRRRRRR
to examine the strength of complex binding show that PB19: HO-PBG;0-S—(S—CHHHRRRRHHHC—
the addition of the anionic polymer heparin alone cannot 8)s —S-PEGi5000-OH
displace the RNA from the complex with polymers used PB22: HO-PEG,,,-S—(S—CHHHHHHRRRRHHH-
according to the present invention (PB22). In contrast 25 HHHC—S).—S-PEG,,,-OH
mRNA could be readily displayed by heparin from PET Furthermore, h'TNFa cytokine secretion in hPBMCs was
complexes (see FIG. 6).

11.4. Expression of Luciferase in HelLa Cells: measured. Th? results shqw (see. FIG. 14?’ that the com-

The expression of luciferase in Hel.a cells was determined plexes according to the invention con.mstlng Of, RNA
using a complex of a polymer according to formula (I) 30 (SEQ IDNO:369) and polymer S accor ding to the Inven-
herein and an mRNA according to SEQ ID NO: 369 tion (P319 and PB2.2) do not induce the secretion of
(mRNA coding for luciferase (luc-RNActive) with the hTNFa in hPBMCs in contrast to complexes consisting
PB19 carrier (molar ratio of RNA:PB19 1:1000, 1:500, of RNA (SEQ ID NO: 369) and cationic peptides
1:100). These formulations of mRNA coding for (H3RoH;) or such complexes coated with PEGylated
luciferase (luc-RNActive) with the PB19 carrier (molar 35 peptides (E9 or R9) (which confers in general to subse-
ratio of RNA:PB19 1:1000, 1:500, 1:100) lead to expres- quent hydrophilic coating of pre-formed nucleic acid
sion of luciferase independently of the presence of condensates).
serum containing medium. These results are unexpected E9-PEGS5k: HO-PEGy,,,-EEEEEEEEE
because serum containing medium leads in general to a E9-PEG3k: HO-PEG- . -EEEEEEEEE
loss of transfection efficiency. 40 3000

11.5. Expression of Luciferase In Vivo: R9-PEG3k: HO-PEG;00,-RRRRRRRRR

Expression of luciferase in BALB/c mice was determined PB19: HO-PEGsqp,-S—(S—CHHHRRRRHHHC—
after intradermal injection. As can be seen in FIG. 9a, S)s —S-PEG,,-OH
formulations of mRNA coding for luciferase (luc- . : Qe :
RNActive) (SEQ ID NO: 369) with the PB19 polymer 45 PBH%HHC(E)SGjSO?PSEG(S _ggHHHHHRRRRHHH
lead to expression of luciferase in the dermis of female s UR000
BALB/c mice. Other transfection reagents known in the Moreover, hIFNa cytokine secretion in hPBMCs was
art (PEI and Lipofectamine 2000) did not show any determl.ned in a comparison Qf cytoku.le stupulatlng
expression of the Luciferase protein. properties of complexes according to the invention con-

Furthermore, expression of luciferase in BALB/c mice 50 sisting of RNA (SEQ ID NO: 369) and polymers accord-
after intramuscular injection was determined. As a result ing to the invention (PB19) to state of the art transfection
(see FIG. 95b), formulations of mRNA coding for reagents llke Llp.ofect.amln 2OOQ or PEI. As aresult both
luciferase (luc-RNActive) (SEQ ID NO: 369) with the Cpmplexatlon with L%pofectamln 2000 and PEIlead to a
PB19 polymer lead to expression of luciferase in the m. highamount of secretion of hIFNa, whereas the complex
tibialis of female BALB/c mice. Other transfection 55 according to the invention consisting of RNA (SEQ ID
reagents known in the art (PEI and Lipofectamine 2000) NO: 369) and polymers according to the invention
did not show any expression of the Luciferase protein. (PB19 500) did not.

Additionally, expression of luciferase in BALB/c mice Furthermore, h'TNFa cytokine secretion in hPBMCs was
after intradermal injection of different formulations was measured in a comparison of cytokine stimulating prop-
determined. As a result (see FIG. 10), formulations of 60 erties of complexes according to the invention consist-
mRNA coding for luciferase (luc-RNActive) (SEQ ID ing of RNA (SEQ ID NO: 369) and polymers according
NO: 369) with two different polymers according to the to the invention (PB19) to state of the art transfection
present invention (polymers PB19 and PB48) lead to reagents like Lipofectamin 2000 or PEI. As a result (see
expression of luciferase in the dermis of female BALB/c FIG. 15) Complexation with Lipofectamine 2000 leads
mice. The polymeric carrier cargo complex formed by a 65 to a high amount of secretion of h'TNFa, whereas com-

plexation with PEI or polymers according to the inven-
tion (PB19 500) did not.
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<160> NUMBER OF SEQ ID NOS: 369

<210> SEQ ID NO 1

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 1

Arg Arg Arg Arg Arg Arg Arg

1 5

<210> SEQ ID NO 2

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 2

Arg Arg Arg Arg Arg Arg Arg Arg

1 5

<210> SEQ ID NO 3

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 3

Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5

<210> SEQ ID NO 4

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 4

His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 5

Arg Arg Arg Arg Arg Arg Arg Arg Arg His His His

1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
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cationic peptide according to formula (II)

<400> SEQUENCE: 6

His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg His His His

1 5 10 15

<210> SEQ ID NO 7

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 7

Tyr Ser Ser Arg Arg Arg Arg Arg Arg Arg Arg Arg Ser Ser Tyr

1 5 10 15

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 8

Arg Lys His Arg Lys His Arg Lys His Arg Lys His

1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 9

Tyr Arg Lys His Arg Lys His Arg

1 5

<210> SEQ ID NO 10

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 10

Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary

cationic peptide according to formula (II)
<400> SEQUENCE: 11
Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10

<210> SEQ ID NO 12



US 9,314,535 B2
-continued

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 12

Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 13

Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 14

Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 15

Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg

1 5 10 15

<210> SEQ ID NO 16

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 16

Lys Lys Lys Lys Lys Lys Lys Lys

1 5

<210> SEQ ID NO 17

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary

cationic peptide according to formula (II)

<400> SEQUENCE: 17
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Lys Lys Lys Lys Lys Lys Lys Lys Lys

1 5

<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 18

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1 5 10

<210> SEQ ID NO 19

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 19

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1 5 10

<210> SEQ ID NO 20

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 20

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1 5 10

<210> SEQ ID NO 21

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 21

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1 5 10

<210> SEQ ID NO 22

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary

cationic peptide according to formula (II)
<400> SEQUENCE: 22

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys
1 5 10

<210> SEQ ID NO 23

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 23

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1 5 10 15

<210> SEQ ID NO 24

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 24

His His His His His His His His

1 5

<210> SEQ ID NO 25

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 25

His His His His His His His His His

1 5

<210> SEQ ID NO 26

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 26

His His His His His His His His His His

1 5 10

<210> SEQ ID NO 27

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary
cationic peptide according to formula (II)

<400> SEQUENCE: 27

His His His His His His His His His His His

1 5 10

<210> SEQ ID NO 28

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence: exemplary

cationic peptide according to formula (II)
<400> SEQUENCE: 28

His His His His His His His His His His His His
1 5 10
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<210> SEQ ID NO 29

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<400> SEQUENCE: 29

His His His His His His His His His His His His His
1 5 10

<210> SEQ ID NO 30

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<400> SEQUENCE: 30

His His His His His His His His His His His His His His
1 5 10

<210> SEQ ID NO 31

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<400> SEQUENCE: 31

His His His His His His His His His His His His His His His
1 5 10 15

<210> SEQ ID NO 32

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1)..(8)
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 32

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> SEQ ID NO 33

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1)..(9)
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 33
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5

<210> SEQ ID NO 34

exemplary

exemplary

exemplary

exemplary

exemplary
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<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1)..(1l0
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 34

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1).. (11
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 35

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10

<210> SEQ ID NO 36

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1)..(12)
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 36

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1)..(13)
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 37

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:

exemplary

exemplary

exemplary

exemplary

exemplary
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<221> NAME/KEY: VARIANT
<222> LOCATION: (1)..(14)
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 38

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10

<210> SEQ ID NO 39

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1).. (15
<223> OTHER INFORMATION: /replace=“ornithine”

<400> SEQUENCE: 39

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10 15

<210> SEQ ID NO 40

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of artificial sequence:

cationic peptide according to formula (II)
<400> SEQUENCE: 40

His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg Ser Ser Tyr
1 5 10 15

<210> SEQ ID NO 41

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

exemplary

exemplary

polycationic peptide as component P2 having formula (IIb): Cys

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 41

Cys Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10

<210> SEQ ID NO 42

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb): Cys

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 42

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10

<210> SEQ ID NO 43

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or
polycationic peptide as component P2 having formula (IIb): Cys
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{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 43

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10

<210> SEQ ID NO 44

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 44

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10

<210> SEQ ID NO 45

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 45

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10

<210> SEQ ID NO 46

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide a component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 46

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10 15

<210> SEQ ID NO 47

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 47

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10 15

<210> SEQ ID NO 48

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide a component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<400> SEQUENCE: 48

Cys

Cys

Cys

Cys

Cys
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1

Cys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Cys Lys Lys Lys Lys Lys Lys Lys Lys Cys
5

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg
5

10 15

SEQ ID NO 49

LENGTH: 10

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 49

10

SEQ ID NO 50

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 50

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10

SEQ ID NO 51

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 51

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Cys
5

10

SEQ ID NO 52

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 52

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Cys
5

10

SEQ ID NO 53

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 53

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Cys

1

5 10

Cys

Cys

Cys

Cys

Cys
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 15

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 54

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Cys
5

10 15

SEQ ID NO 55

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 55

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Cys
5

10 15

SEQ ID NO 56

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 56

Cys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1

Cys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10 15

SEQ ID NO 57

LENGTH: 10

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 57

Cys His His His His His His His His Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10

SEQ ID NO 58

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

SEQUENCE: 58

Cys His His His His His His His His His Cys

1

5 10

Cys

Cys

Cys

Cys

Cys
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<210> SEQ ID NO 59

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 59

Cys His His His His His His His His His His Cys
1 5 10

<210> SEQ ID NO 60

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 60

Cys His His His His His His His His His His His Cys
1 5 10

<210> SEQ ID NO 61

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 61

Cys His His His His His His His His His His His His Cys
1 5 10

<210> SEQ ID NO 62

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 62

Cys His His His His His His His His His His His His His Cys
1 5 10 15

<210> SEQ ID NO 63

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 63

Cys His His His His His His His His His His His His His His Cys
1 5 10 15

<210> SEQ ID NO 64

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

Cys

Cys

Cys

Cys

Cys
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or
polycationic peptide as component P2 having formula (IIb): Cys
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<400> SEQUENCE: 64

chhhhhhhhh hhhhhhec 17

<210> SEQ ID NO 65

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or
polycationic peptide as component P2 having formula (IIb): Cys
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(9)

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 65

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 5 10

<210> SEQ ID NO 66

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or
polycationic peptide as component P2 having formula (IIb): Cys
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(1l0

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 66

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 5 10

<210> SEQ ID NO 67

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or
polycationic peptide as component P2 having formula (IIb): Cys
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2).. (11

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 67

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 5 10

<210> SEQ ID NO 68

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or
polycationic peptide as component P2 having formula (IIb): Cys
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(12)

<223> OTHER INFORMATION: Orn
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<400> SEQUENCE: 68

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 5 10

<210> SEQ ID NO 69

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(13)

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 69

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 5 10

<210> SEQ ID NO 70

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

(IIb) :

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(14)

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 70

(IIb) :

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys

1 5 10 15

<210> SEQ ID NO 71

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2).. (15

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 71

(IIb) :

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys

1 5 10 15

<210> SEQ ID NO 72

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula
{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(16)

<223> OTHER INFORMATION: Orn

<400> SEQUENCE: 72

(IIb) :

Cys

Cys

Cys

Cys



US 9,314,535 B2
103

-continued

104

Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10 15

Cys

<210> SEQ ID NO 73

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 73

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10

<210> SEQ ID NO 74

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 74

Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg His His His Cys
1 5 10

<210> SEQ ID NO 75

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 75

Cys His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg His His His
1 5 10 15

Cys

<210> SEQ ID NO 76

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 76

Cys Tyr Ser Ser Arg Arg Arg Arg Arg Arg Arg Arg Arg Ser Ser Tyr
1 5 10 15

Cys

<210> SEQ ID NO 77

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys

Cys

Cys

Cys

Cys

Cys
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<400> SEQUENCE: 77

Cys His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg Ser Ser Tyr
1 5 10 15

Cys

<210> SEQ ID NO 78

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 78

Cys Arg Lys His Arg Lys His Arg Lys His Arg Lys His Cys
1 5 10

<210> SEQ ID NO 79

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 79

Cys Tyr Arg Lys His Arg Lys His Arg Cys
1 5 10

<210> SEQ ID NO 80

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 80

Cys His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg His His His
1 5 10 15

Cys

<210> SEQ ID NO 81

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 81

Cys His His His His His His Arg Arg Arg Arg Arg Arg Arg Arg Arg
1 5 10 15

His His His His His His Cys
20

<210> SEQ ID NO 82

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

Cys

Cys

Cys

Cys
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polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 82

Cys His His His Arg Arg Arg Arg His His His Cys
1 5 10

<210> SEQ ID NO 83

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 83

Cys His His His His His His Arg Arg Arg Arg His His His His His
1 5 10 15

His Cys

<210> SEQ ID NO 84

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Sequence: cationic or

polycationic peptide as component P2 having formula (IIb):

{(Arg)1; (Lys)m; (His)n; (Orn)o; (Xaa)x} Cys
<400> SEQUENCE: 84
Cys Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Cys
1 5 10
<210> SEQ ID NO 85
<400> SEQUENCE: 85

000

<210> SEQ ID NO 86
<400> SEQUENCE: 86

000

<210> SEQ ID NO 87
<400> SEQUENCE: 87

000

<210> SEQ ID NO 88
<400> SEQUENCE: 88

000

<210> SEQ ID NO 89
<400> SEQUENCE: 89

000

<210> SEQ ID NO 90

<400> SEQUENCE: 90

Cys

Cys

Cys
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000

<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 91

SEQUENCE: 91

SEQ ID NO 92

SEQUENCE: 92

SEQ ID NO 93

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 93

Trp Tyr Trp Tyr

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 94

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 94

Tyr Trp Tyr Trp

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 95

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 95

Trp Trp Trp Trp

1

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

SEQ ID NO 96

SEQUENCE: 96

SEQ ID NO 97

SEQUENCE: 97

SEQ ID NO 98

SEQUENCE: 98

SEQ ID NO 99
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<400> SEQUENCE:

000

<210> SEQ ID NO

<400> SEQUENCE:

000

<210> SEQ ID NO

<400> SEQUENCE:

000

<210> SEQ ID NO

<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component

<400> SEQUENCE:

Phe Tyr Phe Tyr
1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component

<400> SEQUENCE:

Tyr Phe Tyr Phe
1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component

<400> SEQUENCE:

Phe Phe Phe Phe
1

<210> SEQ ID NO

<400> SEQUENCE:

000

<210> SEQ ID NO

<400> SEQUENCE:

000

<210> SEQ ID NO

<400> SEQUENCE:

000

99

100

100

101

101

102

102

103

103

104

104

105

105

106

106

107

107
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<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 108

SEQUENCE: 108

SEQ ID NO 109

SEQUENCE: 109

SEQ ID NO 110

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 110

Phe Trp Phe Trp

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 111

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 111

Trp Phe Trp Phe

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 112

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 112

Tyr Tyr Tyr Tyr

1

<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 113

SEQUENCE: 113

SEQ ID NO 114

SEQUENCE: 114

SEQ ID NO 115

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

SEQUENCE: 115

Cys Trp Tyr Cys

1
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<210> SEQ ID NO 116

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 116

Cys Tyr Trp Cys
1

<210> SEQ ID NO 117

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 117

Cys Trp Trp Cys
1

<210> SEQ ID NO 118

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 118

Cys Tyr Tyr Cys
1

<210> SEQ ID NO 119

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 119

Cys Trp Tyr Trp Cys
1 5

<210> SEQ ID NO 120

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 120

Cys Tyr Trp Tyr Cys
1 5

<210> SEQ ID NO 121

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 121

Cys Trp Trp Trp Cys
1 5
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<210> SEQ ID NO 122

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 122

Cys Tyr Tyr Tyr Cys
1 5

<210> SEQ ID NO 123

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 123

Cys Trp Tyr Trp Tyr Cys
1 5

<210> SEQ ID NO 124

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 124

Cys Tyr Trp Tyr Trp Cys
1 5

<210> SEQ ID NO 125

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 125

Cys Trp Trp Trp Trp Cys
1 5

<210> SEQ ID NO 126

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 126

Cys Tyr Tyr Tyr Tyr Cys
1 5

<210> SEQ ID NO 127
<400> SEQUENCE: 127

000

<210> SEQ ID NO 128

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)
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<400> SEQUENCE: 128
Cys Phe Tyr Cys
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 129

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component
<400> SEQUENCE: 129
Cys Tyr Phe Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 130

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component
<400> SEQUENCE: 130
Cys Phe Phe Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 131

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component
<400> SEQUENCE: 131
Cys Tyr Tyr Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 132

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component
<400> SEQUENCE: 132
Cys Phe Tyr Phe Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 133

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component
<400> SEQUENCE: 133
Cys Tyr Phe Tyr Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 134

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary aromatic amino acid component

(AR)

(AR)

(AR)

(AR)

(AR)

(AR)
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<400> SEQUENCE: 134

Cys Phe Phe Phe Cys
1 5

<210> SEQ ID NO 135

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 135

Cys Tyr Tyr Tyr Cys
1 5

<210> SEQ ID NO 136

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 136

Cys Phe Tyr Phe Tyr Cys
1 5

<210> SEQ ID NO 137

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 137

Cys Tyr Phe Tyr Phe
1 5

<210> SEQ ID NO 138

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 138

Cys Phe Phe Phe Phe Cys
1 5

<210> SEQ ID NO 139

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 139

Cys Phe Trp Cys
1

<210> SEQ ID NO 140

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 140
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Cys Trp Phe Cys
1

<210> SEQ ID NO 141

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 141

Cys Phe Phe Cys
1

<210> SEQ ID NO 142

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 142

Cys Phe Trp Phe Cys
1 5

<210> SEQ ID NO 143

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 143

Cys Trp Phe Trp Cys
1 5

<210> SEQ ID NO 144

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)

<400> SEQUENCE: 144
Cys Phe Trp Phe Trp Cys

1 5

<210> SEQ ID NO 145

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary aromatic amino acid component (AA)
<400> SEQUENCE: 145

Cys Trp Phe Trp Phe Cys
1 5

<210> SEQ ID NO 146
<400> SEQUENCE: 146

000

<210> SEQ ID NO 147
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<400> SEQUENCE: 147

000

<210> SEQ ID NO 148
<400> SEQUENCE: 148

000

<210> SEQ ID NO 149
<400> SEQUENCE: 149

000

<210> SEQ ID NO 150
<400> SEQUENCE: 150

000

<210> SEQ ID NO 151
<400> SEQUENCE: 151

000

<210> SEQ ID NO 152
<400> SEQUENCE: 152

000

<210> SEQ ID NO 153
<400> SEQUENCE: 153

000

<210> SEQ ID NO 154

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 154

Ser Thr Ser Thr
1

<210> SEQ ID NO 155

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 155

Thr Ser Thr Ser
1

<210> SEQ ID NO 156

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 156

Ser Ser Ser Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 157

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 157

Thr Thr Thr Thr

1

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

SEQ ID NO 158

SEQUENCE: 158

SEQ ID NO 159

SEQUENCE: 159

SEQ ID NO 160

SEQUENCE: 160

SEQ ID NO 161

SEQUENCE: 161

SEQ ID NO 162

SEQUENCE: 162

SEQ ID NO 163

SEQUENCE: 163

SEQ ID NO 164

SEQUENCE: 164

SEQ ID NO 165

SEQUENCE: 165
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<210> SEQ ID NO 166

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 166

Gln Asn Gln Asn
1

<210> SEQ ID NO 167

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 167
Asn Gln Asn Gln

1

<210> SEQ ID NO 168

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 168

Gln Gln Gln Gln

1

<210> SEQ ID NO 169

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 169

Asn Asn Asn Asn

1

<210> SEQ ID NO 170

<400> SEQUENCE: 170

000

<210> SEQ ID NO 171
<400> SEQUENCE: 171

000

<210> SEQ ID NO 172
<400> SEQUENCE: 172

000

<210> SEQ ID NO 173
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132

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE: 173

SEQ ID NO 174

SEQUENCE: 174

SEQ ID NO 175

SEQUENCE: 175

SEQ ID NO 176

SEQUENCE: 176

SEQ ID NO 177

SEQUENCE: 177

SEQ ID NO 178

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 178

Ser Asn Ser Asn

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 179

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 179

Asn Ser Asn Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 180

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 180

Ser Ser Ser Ser

1

<210>
<211>
<212>

SEQ ID NO 181
LENGTH: 4
TYPE: PRT
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 181

Asn Asn Asn Asn
1

<210> SEQ ID NO 182
<400> SEQUENCE: 182

000

<210> SEQ ID NO 183
<400> SEQUENCE: 183

000

<210> SEQ ID NO 184

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 184

Cys Ser Thr Cys
1

<210> SEQ ID NO 185

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 185

Cys Thr Ser Cys
1

<210> SEQ ID NO 186

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 186

Cys Ser Ser Cys
1

<210> SEQ ID NO 187

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 187

Cys Thr Thr Cys
1
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<210> SEQ ID NO 188

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 188

Cys Ser Thr Ser Cys
1 5

<210> SEQ ID NO 189

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 189

Cys Thr Ser Thr Cys
1 5

<210> SEQ ID NO 190

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 190

Cys Ser Ser Ser Cys
1 5

<210> SEQ ID NO 191

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 191

Cys Thr Thr Thr Cys
1 5

<210> SEQ ID NO 192

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 192

Cys Ser Thr Ser Thr Cys
1 5

<210> SEQ ID NO 193

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)
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<400>

SEQUENCE: 193

Cys Thr Ser Thr Ser Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 194

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 194

Cys Ser Ser Ser Ser Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 195

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 195

Cys Thr Thr Thr Thr Cys

1

<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 196

SEQUENCE: 196

SEQ ID NO 197

SEQUENCE: 197

SEQ ID NO 198

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 198

Cys Gln Asn Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 199

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

SEQUENCE: 199

Cys Asn Gln Cys

1

<210>
<211>

SEQ ID NO 200
LENGTH: 4
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic

charged polar) amino acid component (AA)

<400> SEQUENCE: 200
Cys Gln Gln Cys
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 201

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 201
Cys Asn Asn Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 202

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 202
Cys Gln Asn Gln Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 203

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 203
Cys Asn Gln Asn Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 204

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 204
Cys Gln Gln Gln Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 205

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)

<400> SEQUENCE: 205

Cys Asn Asn Asn Cys

(and preferably non

(and preferably non

(and preferably non

(and preferably non

(and preferably non

(and preferably non
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<210> SEQ ID NO 206

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 206

Cys Gln Asn Gln Asn Cys
1 5

<210> SEQ ID NO 207

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 207

Cys Asn Gln Asn Gln Cys
1 5

<210> SEQ ID NO 208

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 208

Cys Gln Gln Gln Gln Cys
1 5

<210> SEQ ID NO 209

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 209

Cys Asn Asn Asn Asn Cys
1 5

<210> SEQ ID NO 210
<400> SEQUENCE: 210

000

<210> SEQ ID NO 211
<400> SEQUENCE: 211

000

<210> SEQ ID NO 212

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
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144

charged polar) amino acid component (AA)
<400> SEQUENCE: 212

Cys Ser Asn Cys
1

<210> SEQ ID NO 213

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 213

Cys Asn Ser Cys
1

<210> SEQ ID NO 214

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 214

Cys Ser Ser Cys
1

<210> SEQ ID NO 215

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 215

Cys Asn Asn Cys
1

<210> SEQ ID NO 216

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 216

Cys Ser Asn Ser Cys
1 5

<210> SEQ ID NO 217

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic (and preferably non
charged polar) amino acid component (AA)

<400> SEQUENCE: 217
Cys Asn Ser Asn Cys

1 5

<210> SEQ ID NO 218
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<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary hydrophilic

charged polar) amino acid component (AA)

<400> SEQUENCE: 218
Cys Ser Ser Ser Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 219

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 219
Cys Asn Asn Asn Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 220

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 220

Cys Ser Asn Ser Asn Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 221

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 221

Cys Asn Ser Asn Ser Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 222

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400> SEQUENCE: 222

Cys Ser Ser Ser Ser Cys
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 223

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary hydrophilic
charged polar) amino acid component (AA)
<400>

SEQUENCE: 223

(and preferably non

(and preferably non

(and preferably non

(and preferably non

(and preferably non

(and preferably non
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Cys Asn Asn Asn Asn Cys
1 5

<210> SEQ ID NO 224
<400> SEQUENCE: 224

000

<210> SEQ ID NO 225
<400> SEQUENCE: 225

000

<210> SEQ ID NO 226
<400> SEQUENCE: 226

000

<210> SEQ ID NO 227
<400> SEQUENCE: 227

000

<210> SEQ ID NO 228
<400> SEQUENCE: 228

000

<210> SEQ ID NO 229
<400> SEQUENCE: 229

000

<210> SEQ ID NO 230
<400> SEQUENCE: 230

000

<210> SEQ ID NO 231
<400> SEQUENCE: 231

000

<210> SEQ ID NO 232

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 232

Leu Val Leu Val
1

<210> SEQ ID NO 233

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)
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<400>

SEQUENCE: 233

Val Leu Val Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 234

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 234

Leu Leu Leu Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 235

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 235

Val Val vVal Val

1

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

SEQ ID NO 236

SEQUENCE: 236

SEQ ID NO 237

SEQUENCE: 237

SEQ ID NO 238

SEQUENCE: 238

SEQ ID NO 239

SEQUENCE: 239

SEQ ID NO 240

SEQUENCE: 240

SEQ ID NO 241

SEQUENCE: 241

SEQ ID NO 242

SEQUENCE: 242
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000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 243

SEQUENCE: 243

SEQ ID NO 244

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 244

Ile Ala Ile Ala

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 245

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 245

Ala Ile Ala Ile

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 246

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 246

Ile Ile Ile Ile

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 247

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 247

Ala Ala Ala Ala

1

<210>

<400>

000

<210>

<400>

000

<210>

<400>

SEQ ID NO 248

SEQUENCE: 248

SEQ ID NO 249

SEQUENCE: 249

SEQ ID NO 250

SEQUENCE: 250
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154

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 251

SEQUENCE: 251

SEQ ID NO 252

SEQUENCE: 252

SEQ ID NO 253

SEQUENCE: 253

SEQ ID NO 254

SEQUENCE: 254

SEQ ID NO 255

SEQUENCE: 255

SEQ ID NO 256

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 256

Met Ala Met Ala

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 257

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 257

Ala Met Ala Met

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 258

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 258

Met Met Met Met

1

<210>

SEQ ID NO 259
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156

<400> SEQUENCE: 259

000

<210> SEQ ID NO 260

<400> SEQUENCE: 260

000

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 261

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component
<400> SEQUENCE: 261
Cys Leu Val Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 262

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component
<400> SEQUENCE: 262
Cys Val Leu Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 263

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component
<400> SEQUENCE: 263
Cys Leu Leu Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 264

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component
<400> SEQUENCE: 264

Cys Val Val Cys
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 265

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component
<400> SEQUENCE: 265

Cys Leu Val Leu Cys
1 5

<210> SEQ ID NO 266
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<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 266

Cys Val Leu Val Cys
1 5

<210> SEQ ID NO 267

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 267

Cys Leu Leu Leu Cys
1 5

<210> SEQ ID NO 268

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 268

Cys Val Val Val Cys
1 5

<210> SEQ ID NO 269

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 269

Cys Leu Val Leu Val Cys
1 5

<210> SEQ ID NO 270

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 270

Cys Val Leu Val Leu Cys
1 5

<210> SEQ ID NO 271

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 271
Cys Leu Leu Leu Leu Cys

1 5

<210> SEQ ID NO 272
<211> LENGTH: 6
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 272

Cys Val Val Val Val Cys
1 5

<210> SEQ ID NO 273
<400> SEQUENCE: 273

000

<210> SEQ ID NO 274
<400> SEQUENCE: 274

000

<210> SEQ ID NO 275

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 275

Cys Ile Ala Cys
1

<210> SEQ ID NO 276

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 276

Cys Ala Ile Cys
1

<210> SEQ ID NO 277

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 277

Cys Ile Ile Cys
1

<210> SEQ ID NO 278

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 278
Cys Ala Ala Cys

1

<210> SEQ ID NO 279
<211> LENGTH: 5
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 279

Cys Ile Ala Ile Cys
1 5

<210> SEQ ID NO 280

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 280

Cys Ala Ile Ala Cys
1 5

<210> SEQ ID NO 281

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 281

Cys Ile Ile Ile Cys
1 5

<210> SEQ ID NO 282

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 282

Cys Ala Ala Ala Cys
1 5

<210> SEQ ID NO 283

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 283

Cys Ile Ala Ile Ala Cys
1 5

<210> SEQ ID NO 284

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 284
Cys Ala Ile Ala Ile Cys

1 5

<210> SEQ ID NO 285
<211> LENGTH: 6
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 285

Cys Ile Ile Ile Ile Cys
1 5

<210> SEQ ID NO 286

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 286

Cys Ala Ala Ala Ala Cys
1 5

<210> SEQ ID NO 287
<400> SEQUENCE: 287

000

<210> SEQ ID NO 288

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 288

Cys Met Ala Cys
1

<210> SEQ ID NO 289

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 289

Cys Ala Met Cys
1

<210> SEQ ID NO 290

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 290

Cys Met Met Cys
1

<210> SEQ ID NO 291

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 291

Cys Ala Ala Cys
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<210> SEQ ID NO 292

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 292

Cys Met Ala Met Cys
1 5

<210> SEQ ID NO 293

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 293

Cys Ala Met Ala Cys
1 5

<210> SEQ ID NO 294

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 294

Cys Met Met Met Cys
1 5

<210> SEQ ID NO 295

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 295

Cys Ala Ala Ala Cys
1 5

<210> SEQ ID NO 296

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 296

Cys Met Ala Met Ala Cys
1 5

<210> SEQ ID NO 297

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

<400> SEQUENCE: 297

Cys Ala Met Ala Met Cys
1 5
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 298

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 298

Cys Met Met Met Met Cys

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 299

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary lipophilic amino acid component (AA)

SEQUENCE: 299

Cys Ala Ala Ala Ala Cys

1

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

5

SEQ ID NO 300

SEQUENCE: 300

SEQ ID NO 301

SEQUENCE: 301

SEQ ID NO 302

SEQUENCE: 302

SEQ ID NO 303

SEQUENCE: 303

SEQ ID NO 304

SEQUENCE: 304

SEQ ID NO 305

SEQUENCE: 305

SEQ ID NO 306

SEQUENCE: 306

SEQ ID NO 307
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<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE: 307

SEQ ID NO 308

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

SEQUENCE: 308

Asp His Asp His

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 309

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

SEQUENCE: 309

His Asp His Asp

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 310

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

SEQUENCE: 310

Asp Asp Asp Asp

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 311

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

SEQUENCE: 311

His His His His

1

<210>

<400>

000

<210>

<400>

000

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 312

SEQUENCE: 312

SEQ ID NO 313

SEQUENCE: 313

SEQ ID NO 314

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

SEQUENCE: 314
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Cys Asp His Cys
1

<210> SEQ ID NO 315

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 315

Cys His Asp Cys
1

<210> SEQ ID NO 316

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 316

Cys Asp Asp Cys
1

<210> SEQ ID NO 317

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 317

Cys His His Cys
1

<210> SEQ ID NO 318

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 318

Cys Asp His Asp Cys
1 5

<210> SEQ ID NO 319

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 319

Cys His Asp His Cys
1 5

<210> SEQ ID NO 320

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 320
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Cys Asp Asp Asp Cys
1 5

<210> SEQ ID NO 321

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 321

Cys His His His Cys
1 5

<210> SEQ ID NO 322

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 322

Cys Asp His Asp His Cys
1 5

<210> SEQ ID NO 323

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 323

Cys His Asp His Asp Cys
1 5

<210> SEQ ID NO 324

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 324

Cys Asp Asp Asp Asp Cys
1 5

<210> SEQ ID NO 325

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Exemplary weak basic amino acid component (AA)

<400> SEQUENCE: 325

Cys His His His His Cys
1 5

<210> SEQ ID NO 326

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 326
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Lys Asp Glu Leu
1

<210> SEQ ID NO 327

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 327

Asp Asp Glu Leu
1

<210> SEQ ID NO 328

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 328

Asp Glu Glu Leu
1

<210> SEQ ID NO 329

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 329

Gln Glu Asp Leu
1

<210> SEQ ID NO 330

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 330

Arg Asp Glu Leu
1

<210> SEQ ID NO 331

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 331

Gly Gln Asn Leu Ser Thr Ser Asn
1 5

<210> SEQ ID NO 332

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 332

Pro Lys Lys Lys Arg Lys Val
1 5

<210> SEQ ID NO 333

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 333

Pro Gln Lys Lys Ile Lys Ser
1 5

<210> SEQ ID NO 334

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 334

Gln Pro Lys Lys Pro
1 5

<210> SEQ ID NO 335

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 335

Arg Lys Lys Arg
1

<210> SEQ ID NO 336

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 336

Arg Lys Lys Arg Arg Gln Arg Arg Arg Ala His Gln
1 5 10

<210> SEQ ID NO 337

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 337

Arg Gln Ala Arg Arg Asn Arg Arg Arg Arg Trp Arg Glu Arg Gln Arg
1 5 10 15
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<210> SEQ ID NO 338

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 338

Met Pro Leu Thr Arg Arg Arg Pro Ala Ala Ser Gln Ala Leu Ala Pro
1 5 10 15

Pro Thr Pro

<210> SEQ ID NO 339

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 339

Gly Ala Ala Leu Thr Ile Leu Val
1 5

<210> SEQ ID NO 340

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 340

Gly Ala Ala Leu Thr Leu Leu Gly
1 5

<210> SEQ ID NO 341

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 341

Met Asp Asp Gln Arg Asp Leu Ile Ser Asn Asn Glu Gln Leu Pro
1 5 10 15

<210> SEQ ID NO 342

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: Xaa = unknown or other

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(32)

<223> OTHER INFORMATION: Xaa = unknown or other

<400> SEQUENCE: 342

Met Leu Phe Asn Leu Arg Xaa Xaa Leu Asn Asn Ala Ala Phe Arg His
1 5 10 15
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Gly His Asn Phe Met Val Arg Asn Phe Arg Cys Gly Gln Pro Leu Xaa
20 25 30

<210> SEQ ID NO 343

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 343

Gly Cys Val Cys Ser Ser Asn Pro
1 5

<210> SEQ ID NO 344

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 344

Gly Gln Thr Val Thr Thr Pro Leu
1 5

<210> SEQ ID NO 345

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 345

Gly Gln Glu Leu Ser Gln His Glu
1 5

<210> SEQ ID NO 346

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 346

Gly Asn Ser Pro Ser Tyr Asn Pro
1 5

<210> SEQ ID NO 347

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 347

Gly Val Ser Gly Ser Lys Gly Gln
1 5

<210> SEQ ID NO 348

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 348

Gly Gln Thr Ile Thr Thr Pro Leu
1 5

<210> SEQ ID NO 349

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 349

Gly Gln Thr Leu Thr Thr Pro Leu
1 5

<210> SEQ ID NO 350

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 350

Gly Gln Ile Phe Ser Arg Ser Ala
1 5

<210> SEQ ID NO 351

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 351

Gly Gln Ile His Gly Leu Ser Pro
1 5

<210> SEQ ID NO 352

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 352

Gly Ala Arg Ala Ser Val Leu Ser
1 5

<210> SEQ ID NO 353

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 353

Gly Cys Thr Leu Ser Ala Glu Glu
1 5
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<210> SEQ ID NO 354

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 354

Gly Ala Gln Val Ser Ser Gln Lys
1 5

<210> SEQ ID NO 355

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 355

Gly Ala Gln Leu Ser Arg Asn Thr
1 5

<210> SEQ ID NO 356

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 356

Gly Asn Ala Ala Ala Ala Lys Lys
1 5

<210> SEQ ID NO 357

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 357

Gly Asn Glu Ala Ser Tyr Pro Leu
1 5

<210> SEQ ID NO 358

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of sequence: signal peptide,
localization signal or sequence or nuclear localization signal

<400> SEQUENCE: 358

Gly Ser Ser Lys Ser Lys Pro Lys
1 5

<210> SEQ ID NO 359

<211> LENGTH: 60

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)

<400> SEQUENCE: 359
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uagcgaagceu cuuggaccua gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg 60

<210> SEQ ID NO 360

<211> LENGTH: 120

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)

<400> SEQUENCE: 360

uagcgaagceu cuuggaccua gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg 60
aucgcuucga gaaccuggau ccaaaaaaaa aaaaaaaccc acgcaaggau cuucaugugce 120
<210> SEQ ID NO 361

<211> LENGTH: 229

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)

<400> SEQUENCE: 361

gggagaaagc ucaagcuugg agcaaugccc gcacauugag gaaaccgagu ugcauaucuc 60
agaguauugg cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg 120
auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgec 180
acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagauc 229

<210> SEQ ID NO 362

<211> LENGTH: 547

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)

<400> SEQUENCE: 362

gggagaaagc ucaagcuugg agcaaugccce gcacauugag gaaaccgagu ugcauaucuc 60
agaguauugg cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg 120
auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgcce 180
acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagaucu cggauuacag 240
cuggaaggag caggaguagu guucuugcuc uaaguaccga gugugcccaa uacccgauca 300
gcuuauuaac gaacggcucce uccucuuaga cugcagcgua agugcggaau cuggggauca 360
aauuacugac ugccuggauu acccucggac auauaaccuu guagcacgcu guugcuguau 420
aggugaccaa cgcccacucg aguagaccag cucucuuagu ccggacaaug auvaggaggcg 480
cggucaaucu acuucuggcu aguuaagaau aggcugcacce gaccucuaua aguagcegugu 540
ccucuag 547

<210> SEQ ID NO 363

<211> LENGTH: 1083

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)

<400> SEQUENCE: 363
gggagaaagc ucaagcuugg agcaaugccc gcacauugag gaaaccgagu ugcauaucuc 60
agaguauugg cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg 120

auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgec 180
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acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagaucu cggauuacag 240
cuggaaggag caggaguagu guucuugcuc uaaguaccga gugugceccaa uacccgauca 300
gcuuauuaac gaacggcuce uccucuuaga cugcagegua agugcggaau cuggggauca 360
aauuacugac ugccuggauu acccucggac auauaaccuu guagcacgceu guugcuguau 420
aggugaccaa cgcccacucg aguagaccag cucucuuagu ccggacaauyg auvaggaggeg 480
cggucaaucu acuucuggceu aguuaagaau aggcugcace gaccucuaua aguagcegugu 540
ccucuagage uacgcagguu cgcaauaaaa goguugauua gugugcauag aacagaccuc 600
uuauucggug aaacgccaga augcuaaauu ccaauaacuc uucccaaaac geguacggec 660
gaagacgcege geuuaucuug uguacguucu cgcacaugga agaaucageg ggcauggugyg 720
uagggcaaua ggggagcugg guagcagcega aaaagggcce cugcegeacgu agecuucgeuyg 780
uucgucugaa acaaccegge auccguugua gegaucccgu uaucaguguu auucuuguge 840
gcacuaagau ucauggugua gucgacaaua acagecgucuu ggcagauucu ggucacguge 900
ccuaugceceg ggcuugugee ucucagguge acagcegauac uuaaagcecuu caagguacuc 960
gacgugggua ccgauucgug acacuuccua agauuauuce acuguguuag ccccgeacey 1020
cecgaccuaaa cugguccaau guauacgcau ucgcugageg gaucgauaau aaaagcuuga 1080
auu 1083
<210> SEQ ID NO 364
<211> LENGTH: 229
<212> TYPE: RNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)
<400> SEQUENCE: 364
gggagaaagce ucaagcuuau ccaaguagge uggucaccug uacaacguag ccgguauuuu 60
uuuuuuuuul uuuuuuuuga cegucucaag guccaaguua gucugcecuau aaaggugegyg 120
auccacageu gaugaaagac uugugeggua cgguuaaucu cceccuuuuul uuuuuuuuuu 180
uuuuuaguaa augcgucuac ugaauccage gaugaugcug geccagauc 229
<210> SEQ ID NO 365
<211> LENGTH: 546
<212> TYPE: RNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleic acid molecule according to formula (V)
<400> SEQUENCE: 365
gggagaaagce ucaagcuuau ccaaguagge uggucaccug uacaacguag ccgguauuuu 60
uuuuuuuuul uuuuuuuuga cegucucaag guccaaguua gucugcecuau aaaggugegyg 120
auccacageu gaugaaagac uugugeggua cgguuaaucu cceccuuuuul uuuuuuuuuu 180
uuuuuaguaa augcgucuac ugaauccage gaugaugcug geccagaucu ucgaccacaa 240
gugcauauag uagucaucga gggucgccuu uuuuuuuuuu uuluuuuuuu uggeccaguu 300
cugagacuuc gcuagagacu acaguuacag cugcaguagu aaccacugeyg gceuauugceag 360
gaaauccegu ucagguuuul uuuuUuUuUUUL Uuuuuuccge ucacuaugau uaagaaccag 420
guggaguguc acugcucucg aggucucacg agagegoucg auacaguccu uggaagaauc 480
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uuuuuuuuuu uuuuuuuuuu uugugcgacg aucacagaga acuucuauuc augcaggucu

gcucua

<210> SEQ ID NO 366
<211> LENGTH: 1083

<212> TYPE:

RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula

<400> SEQUENCE: 366

gggagaaagc

uuuuuuuuuu

auccacagcu

uuuuuaguaa

gugcauauag

cugagacuuc

gaaaucccgu

guggaguguc

uuuuuuuuuu

gcucuagaac

uuuuuuuuuc

augccgugge

accacaaaua

uacauguugce

ucaaaagacg

uucguguuuu

ucauagggua

uuuuuuuuuu

auu

ucaagcuuau

uuuuuuuuga

gaugaaagac

augcgucuac

uagucaucga

gcuagagacu

ucagguuuuu

acugcucucyg

uuuuuuuuuu

gaacugaccu

cucccaacaa

uccauaggac

auvauucuugc

acaggcuccu

gcagacguca

uuuuuuuuuu

ceggeucaga

uucauauucc

<210> SEQ ID NO 367
<211> LENGTH: 59

<212> TYPE:

RNA

ccaaguaggc

cecgucucaag

uugugeggua

ugaauccagce

gggucgccuu

acaguuacag

uuuuuuuuuu

aggucucacg

uugugegacyg

gacgccugaa

augucgauca

guguagacuu

uugguugggc

uuuuuuuuuu

gucgacaaca

uuuuuuguga

guuaugccuu

caugcuaagc

uggucaccug

guccaaguua

cgguuaaucu

gaugaugcug

uuuuuuuuuu

cugcaguagu

uuuuuuccgc

agagcgcucyg

aucacagaga

cuuaugagcg

auvagcuggge

cuauuuuuuu

gcaagggccce

uuuuuuuuuu

cggucuaaag

accuacacgg

gguugaaaac

aagggaugcc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula

<400> SEQUENCE: 367

uacaacguag

gucugccuau

ccccuuuuuu

gcccagaucu

uuuuuuuuuu

aaccacugcg

ucacuaugau

auvacaguccu

acuucuauuc

ugcguauuuu

uguuggagac

uuuuuuuuuu

cguaucaggu

uucgcugagu

cagugcuaca

cgugcacugu

ugcccageau

gcgagucaug

cegguauuuu

aaaggugcgg

uuuuuuuuuu

ucgaccacaa

uggcccaguu

gcuauugcag

uaagaaccag

uggaagaauc

augcaggucu

uuuuuuuuuu

gegucagcaa

uuuucccggg

cauaaacggg

uauuccgguc

aucugccgug

aguucgcaau

acuuuuuuuu

uuaagcuuga

uagcgaagcu cuuggaccua ccuuuuuuuu uuuuuucccu gceguuccuag aaguacacg

<210> SEQ ID NO 368
<211> LENGTH: 120

<212> TYPE:

RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid molecule according to formula

<400> SEQUENCE: 368

uagcgaagceu cuuggaccua ccuuuuuuuu yuuuuuucce ugcguuccua gaaguacacg

aucgcuucga gaaccuggau ggaaaaaaaa aaaaaaaggg acgcaaggau cuucaugugce

540

546

(V)

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080

1083

(V)

59

(V)

60

120
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<210> SEQ ID NO 369

<211> LENGTH: 1857

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: mRNA coding
for Photinus pyralis luciferase: pCV19-Pp luc (GC)-muag-A70-C30

<400> SEQUENCE: 369

gggagaaagc uugaggaugg aggacgccaa gaacaucaag aagggcccgyg cgeccuucua 60
ccegouggag gacgggacceg coggcgagea gcuccacaag gecaugaage gguacgeccu 120
ggugceggge acgaucgccu ucaccgacge ccacaucgag gucgacauca ccuacgegga 180
guacuucgag augagcguge gecuggcecga ggccaugaag cgguacggeco ugaacaccaa 240
ccaccggauc guggugugcou cggagaacag ccugcaguuc uucaugeegg ugceugggege 300
ccucuucauc ggcguggeog ucgecccgge gaacgacauc uacaacgage gggagceugeu 360
gaacagcaug gggaucagcc agccgaccgu gguguucgug agcaagaagyg gccugcagaa 420
gauccugaac gugcagaaga agcugcccau cauccagaag aucaucauca uggacagcaa 480
gaccgacuac cagggcuucc agucgaugua cacguucgug accagccacce ucccgecggg 540
cuucaacgag uacgacuucg ucccggagag cuucgaccgg gacaagacca ucgcccugau 600
caugaacagc agcggcagca ccggecugee gaagggggug geccugeege accggaccege 660
cugcgugege uucucgcacg cccgggacce caucuucgge aaccagauca ucccggacac 720
cgccauccug agogugguge cguuccacca cggcuucgge auguucacga cccugggeua 780
ccucaucuge ggcuuccggg ugguccugau guaccgguuc gaggaggage uguuccugeg 840
gagccugcag gacuacaaga uccagagcge gcugcucgug ccgacccugu ucageuucuu 900
cgccaagage acccugaucg acaaguacga ccugucgaac cugcacgaga ucgccagegg 960

gggcegeceeg cugagcaagg aggugggcega ggccguggece aagcegguucce accucceggg 1020
cauccgecag ggcuacggece ugaccgagac cacgagegeg auccugauca cccccgaggg 1080
ggacgacaag ccgggcgceceg ugggcaaggu ggucccguuc uucgaggcca agguggugga 1140
ccuggacacce ggcaagaccce ugggcgugaa ccagegggge gageugugeg ugegggggec 1200
gaugaucaug agcggcuacg ugaacaaccc ggaggccacc aacgcccuca ucgacaagga 1260
cggcuggoug cacageggag acaucgecua cugggacgag gacgagcacu ucuucaucgu 1320
cgaccggoug aagucgcuga ucaaguacaa gggcuaccag guggcegeegg ccgageugga 1380
gagcauccug cuccagcacc ccaacaucuu cgacgccegge guggcoggge ugecggacga 1440
cgacgeegge gagcugecgg ccegogguggu ggugeuggag cacggcaaga ccaugacgga 1500
gaaggagauc gucgacuacg uggccagcca ggugaccace gccaagaagce ugeggggegyg 1560
cgugguguuc guggacgagg ucccgaaggg ccugacceggg aageucgacg cccggaagau 1620
ccgogagauc cugaucaagg ccaagaaggg cggcaagauc gecguguaag acuaguuaua 1680
agacugacua gcccgauggg ccucccaacg ggeccuccuc cecuccuuge accgagauua 1740

auaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1800

aaaaaauvauu CCcccCccccct CCCCCCCCce ccceceeccececece ucuagacaau uggaauu 1857

The invention claimed is: wherein,

1. A method of treating a subject comprising administering P! and P? are different or identical to each other and
a polymeric carrier cargo complex formed of a nucleic acid ¢s represent a linear or branched hydrophilic polymer
and a polymeric carrier molecule according to formula (I): chain independently selected from the group consist-

L-Pl—S—[S—P?>§],—S—PL ing of polyethylene glycol (PEG), poly-N-(2-hydrox-
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ypropyl)methacrylamide, poly-2- (methacryloyloxy)
ethyl  phosphorylcholines,  poly(hydroxyalkyl

L-asparagine), poly(2-(methacryloyloxy)ethyl phos-
phorylcholine), hydroxyethylstarch and poly(hy-
droxyalkyl L-glutamine), wherein the hydrophilic
polymer chain exhibits a molecular weight of 1 kDato
100 kDa,

P? is a cationic or polycationic polypeptide having a
length of 3 to 100 amino acids, and comprising at least
two cysteine residues;

—S—S—is areversible disulfide bond, wherein one of
the sulfur positions of each of the disulfide bonds in
provided by the at least two cysteine residues of P2;

Lis aligand, which may be present or not, independently
selected from the group consisting of RGD, Transfer-
rin, Folate, a signal peptide or signal sequence, a
localization signal or sequence, a nuclear localization
signal or sequence (NLS), an antibody, a cell penetrat-
ing peptide, TAT, a ligand of a receptor, a cytokine, a
hormone, a growth factor, a small molecule, a carbo-
hydrate, mannose, galactose, a synthetic ligand, a
small molecule agonist, an inhibitor or antagonist of a
receptor, and a RGD peptidomimetic analogue; and

n is an integer selected from a range of 1 to 50.

2. The method according to claim 1, wherein the polymeric
carrier molecule additionally contains an amino acid compo-
nent (AA),, wherein X is an integer selected from a range of 1
to 100, and wherein the amino acid component is linked to the
polymeric carrier molecule by disulfide bonds to at least two
cysteine residues in the (AA)_ component.

3. The method according to claim 2, wherein the amino
acid component (AA), comprises an aromatic amino acid
component, a hydrophilic amino acid component, a lipophilic
amino acid component, a weak basic amino acid component,
a signal peptide, a localization signal or sequence, a nuclear
localization signal or sequence, a cell penetrating peptide, a
therapeutically active polypeptide, an antigen, an antigenic
epitope, a tumour antigen, a pathogenic antigen, an autoim-
mune antigen, an allergen, an antibody, an immunostimula-
tory polypeptide, an antigen-specific T-cell receptor, or a
polypeptide suitable for a therapeutic application.

4. The method according to claim 2, wherein the amino
acid component (AA) occurs as a mixed repetitive amino
acid component [(AA),],, wherein z is an integer selected
from a range of 1 to 30, each (AA), component being linked
by disulfide bonds to at least two cysteine residues in each
(AA), component.

5. The method according to claim 1, wherein formula (I) is
modified according to formula (Ia)

L-P'S—{[S—P>—S],[S(AA),-5],}—S—P*L,

wherein x, z, S, L, AA, P*, P? and P? are as defined before

and

a+b=n, wherein

n is as defined before;

a is an integer, selected independent from integer b from
arange of 1 to 50, and

b is an integer, selected independent from integer a from
arange of 0 to 50, and wherein the single components
[S—P>—S] and [S-(AA),-S] occur in any order in the
subformula {[S—P>—S],[S-(AA),-S],}.

6. The method according to claim 1, wherein component P*
is a cationic or polycationic polypeptide selected from the
group consisting of protamine, nucleoline, spermine, spermi-
dine, poly-L-lysine (PLL), basic polypeptides, poly-arginine,
cell penetrating peptides (CPPs), chimeric CPPs, Transpor-
tan, MPG peptides, HIV-binding peptides, Tat, HIV-1 Tat,
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Tat-derived peptides, oligoarginines, members of the penetra-
tin family, Penetratin, Antennapedia-derived peptides,
pAantp, plsl, antimicrobial-derived CPPs, Buforin-2, Bac715-
24, SynB, SynB(1), pVEC, hCT-derived peptides, SAP, MAP,
KALA, PpTG20, Proline-rich peptides, Loligomere, Argin-
ine-rich peptides, Calcitonin-peptides, FGF, Lactoferrin, his-
tones, VP22 peptides, HSV, VP22 (Herpes simplex), MAP,
KALA, protein transduction domains (PTDs), PpT620, pro-
lin-rich peptides, lysine-rich peptides, Pep-1, L-oligomers,
and Calcitonin peptide(s).

7. The method according to claim 1, wherein component P2
comprises a cationic peptide of formula (IIb):

Cys{(Arg)5(Lys),;(His),;;(Orn),.;(Xaa), }Cys,
wherein
l+m+n+0+x=8-16, and 1, m, n or o are independently any
number selected from 0, 1, 2,3,4,5,6,7,8,9,10,11, 12,
13, 14 or 15, provided that the overall content of Arg,
Lys, His and Orn represents at least 10% of all amino
acids of the cationic peptide; and

Xaa is any amino acid selected from native or non-native

amino acids except Arg, Lys, His or Orn; and x is any
number selected from 0, 1, 2,3,4,5,6,7,8,9,10,11, 12,
13 or 14, provided that the overall content of Xaa does
not exceed 90% of all amino acids of the cationic pep-
tide.

8. The method according to claim 1, wherein the nucleic
acid is provided in a molar ratio of 5 to 10000 of polymeric
carrier molecule : nucleic acid.

9. The method according to claim 1, wherein the nucleic
acid is a DNA, a RNA, a coding nucleic acid, a coding DNA,
acoding RNA, acoding mRNA, an siRNA, an immunostimu-
latory nucleic acid, an immunostimulatory CpG nucleic acid,
or an immunostimulatory RNA (isRNA).

10. The method according to claim 1, wherein the nucleic
acid encodes a therapeutically active polypeptide, an antigen,
a tumor antigen, a pathogenic antigen, an animal antigen, a
viral antigen, a protozoal antigen, a bacterial antigen, an
allergic antigen, an autoimmune antigen, an allergen, an anti-
body, an immunostimulatory polypeptide, or an antigen-spe-
cific T-cell receptor.

11. The method of treating a subject according to claim 1,
wherein the subject has a disease selected from the group
consisting of cancer or tumour diseases, infectious diseases,
autoimmune diseases, allergies or allergic diseases, monoge-
netic diseases, genetic diseases, cardiovascular diseases, neu-
ronal diseases, diseases of the respiratory system, diseases of
the digestive system, diseases of the skin, musculoskeletal
disorders, disorders of the connective tissue, neoplasms,
immune deficiencies, endocrine, nutritional and metabolic
diseases, eye diseases and ear diseases.

12. The method according to claim 7, wherein component
P2 is a cationic peptide of formula CysHis;Arg,His,Cys
(SEQ ID NO: 83).

13. The method of claim 1, wherein one of the sulfur
positions of each of the disulfide bonds of formula (I) is
provided by a cysteine residue at the N- or C-terminus of the
polypeptide of P*.

14. The method of claim 13, wherein one of the sulfur
positions of the disulfide bonds of formula (I) is provided by
a cysteine residue at the N-terminus of the polypeptide of P>
and one of the sulfur positions of the disulfide bonds of
formula (1) is provided by a cysteine residue at the C-terminus
of the polypeptide of P2,

15. The method of claim 1, wherein L is present and com-
prises the KALA cell penetrating peptide.

#* #* #* #* #*



